Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



i^C . k 



7 • 




SPONS' 



DICTIONAEY OF ENGINEEEING 



DIVISION VIII. 



.\ 



\ 






SPON S' 



DICTIONARY OF ENGINEERING, 

CM, Pec^amtal, Pilharj, anb |talral; 



WITH TEOHNICAL TEBM8 



IN FRENCH, GERMAN, ITALIAN, AND SPANISH. 



EDITJU) BT 



BYRNE AND SPON. 



DIVISION VIII. 



% *■ ^ -^ ^w 



k *\ ^V-^> ^V,^fc. 





l^ 







LONDONj 

B. & F. N. SPON, 48, CHARING CROSa 

New York; 446, BROOME STREET. 

18 74. 



/r/. i. 



^7- 



LOMOOM : PBIIITKD BT WILLIAM OLOWEB AKD 80K8, STAMFORD 8TRBBT AKD GHARHTG CR066. 



PREFACE 



Pbbyioub to the publication of the present work, the want of a book of 
reference on Civil and Mechanical Engineering had long been experienced by the 
Engineer. A great deal of information of a nsefiil kind had been' recorded in 
the variotiB Scientific Jonmals and Transactions of Engineering Societies, but 
it was given in a form not available for ready reference. The work so much 
needed is supplied, we trust, in this Dictionary of Engineering, written 
mainly by practical Engineers well acquainted with special branches of their 
profession, and whose names will be found in the List of Contributors. 

Use has also been made of a large number of works devoted to Civil, 
Mechamcal, Military, and Naval Engineering, and of the published writings 
of eminent Engineers. 

Many subjects which ought perhaps to have a place in a complete work have 
been omitted, in the desire to confine the number of pages to something near the 
limit announced at the commencement; but we may be allowed to add that 
no other work on Engineering has been published which contains such a 
variety and amount of information on the same class of subjects in a collective 
form. 

From the commencement of the work until August, 1872, the editorial 
department was conducted by Mr. Oliver Byrne, assisted by Mr. Ernest Spon ; 
at that period Mr. Byrne ceased to be Editor, and the work has been 
completed under the direction of Mr. E. Spon. 

Our thanks are specially due to G. G-. Andr^, Esq., G.E., for the careful 
attention bestowed on the subjects entrusted to him; and we also return our 
sincere thanks to the kind friends who have assisted in the compilation and 
revision of the various articles. 

E. & F. N. SPON. 
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pipes would create a piitilal vacnum in that part of its motor cyliuder ; but then tlie atmosphere 
pressing on the surface of the water in the cistern would at once open the valve ainl admit as much 
water from the cistern as required to restore the necessary eauilibrium. Other appliances for 
signalling a defect and instantly remedying it have been provided ; but we shall not describe them 
here. 

By this system, the force developed by the motor may be transmitted to the pump without any 
other loss than that due to the friction of the water, which for a depth of a thousand feet will 
usually be less than 2 per cent, of the total force required to raise the water. It is applicable to 
water as well as to steam power, and the pumps being double-acting, no portion of the power of the 
water-wheel is lost The pressure-pipes are fixed parallel to each other against the sides of the 
shaft, or upon the floor of a level, so that the space occupied by them is practically nothing. When 
used in the place of flat rods, that is, when carried horizontally from the engine-house or water- 
wheel to the shaft, they mav be laid underground so as not to obstruct surface operations. One 
great advantage possessed oy this system is the facility it affords for changing the direction. 
Provided sharp angles are avoided, the pressure-pipes may be carried along in all manner of direo- 
tions, OS occasion and locality may require, without any appreciable loss of power. 

Pumps for Surface^aining. — The requirements of surface-draining, and the conditions under 
which a pump applied to that purpose nas to work, are altogether different from those which we 
have been considering. In mines a comparatively small quontitv of water has to be lifted to a g^reat 
height, and the motor is, in most cases, necessarily situate a long distance from* the pump. For 
surface work, such, for example, as draining a maish, a large quantity of water is required to be 
lifted to a small height, and the motor may be placed close to the machinery to be driven. 
Generally the motor will be steam : for it is rarely possible to obtain water-power in a convenient 
situation. In Holland wind is frequently employed for this purpose, but the variable character of 
this motor renders it unsuitable for pumping operations. It may, however, often be used as an 
auxiliary with great advantage. Tlie kind of pump best suited for surface drainage is, in general, 
the centrifugal pump. The nature of this pump renders it peculiarly well adapted for ihiA kind 
of work. It is exceedingly simple in construction, is easily erected, and requires no massive foun- 
dations. The absence of valves is a great advantage, as small pieces of wood, weeds, and other 
small floating substances, may be passed without choking the pump. An experiment was made 
some time ago with one of Appold's 12-in. pumps by throwing in all at once about half a gallon of 
nut-galls when working at full speed. They all passed through without one being broken. Also 
when the height of lift is small, a very large quantity of wator mav be raised a minuto by a centri- 
fugal pump, a condition usually imposed by the nature of the work, and which this pump is there- 
fore capable of fulfilling. We have described and illustrated some of the best models under 
Hydraulic Machine^ and hence it will be unnecessary to do more than refer to them here. In 
many cases, Murray's chain-pump may be applied to the purpose of surface drainage with advan- 
tage, especially when the area to be drained is small. It will be for the engineer to determine 
which of these kinds is the more suitable to the requirements of the case under his consideration. 

Fumpa for Water-tupjAy. — The requirements of this case are — a large quantity of water to bo 
raised to a considerable height, and a steady, continuous supply, requirements which neither the 
centrifugal nor the chain pump is capable of satisfactorily fulfilling. Beciprocating pumps are 
exclusively used for this purpose. Whether, however, the Lfting or tne forcing variety is the more 
suitable seems still to be an open* question, judging from the want of uniformity in the practice of 
engineers. We have shown that whenever a consid^ble height of lift and a'continuous working are 
conditions to be fulfilled, the force-pump possesses great advantages over the lift ; and it is satis- 
fiictory to see that the former variety is gradually coming into favour. No particular construction 
can be recommended for this cose, as a great doed must depend on local circumstances. For a 
small supply an arrangement of Hayward Tyler and Co*b Universal pump has been found to 
work very satisfactorily. It has been used at the Slough Water-works, and also, as an auxiliary, 
at the Tottenliam Water-works. 

Pwnpsfor Haismg particular Liquids. — We have spoken of the corrosive properties of mine water, 
and the necessity of lining the working barrel and other working parts with orass, to enable them 
to witlistand the corrosive action. This precaution is, however, insufficient in many cases where 
liquids of a particular nature have to be raised. Thus in chemical works pumps are required to 
raise strong acids and various other substances which would speedily destroy the working parts if 
constructed of ordinary materials. In paper-mills they are needed to raise the paper-pulp and 
bleachers ; in breweries, for raising the hot wort ; in gasworks, for pumping ammoniacal liquor and 
tor ; in tan-yards, for pumping tan liquor ; and also in town drainage works, for raising the sewage. 
The only kind of pumps suitable for these operations are the reciprocating kind, and of these the 
forcing variety is the best adapted for sewage, and, generally, the lifting variety for the other 
purposes mentioned. The fittings of pumps to bo applied to any of these purposes should be 
of gun-metal. Oast-iron clacks are frequently used tor pumping ammonia water ; but ^nerally 
gun-metal should be adopted. In chemical works it is often necessary to employ india-rubber 
instead of metal for the valves. In Fig. 6420 we illustrate a pump specially designed for these 
purposes, having india-rubber valves and a glass cylinder. The design and construction of this 
pump, which is known as Perreaux's, are excellent. The working barrel A is made from the best 
plate glass bored out by machinery and polished. The bucket-valve B and the foot-valve 0, shown 
in section in Figs. 6421, 6422, are of india-rubber, and the elasticity of the material is relied 
upon to close them. We are not aware of an^ experimonte made to ascertain the amount of slip 
through tiieee valves, but the principles we laid down in the former part of this article would leaa 
us to expect very little. The mode of fixing these valves is so clearly shown in the figures that 
description is unnecessary ; we caimot, however, refrain from expressing our admiration of the very 
excellent nature of this mode, which is alike crediteble to the designer and the constructor. The 
gloss barrels ore mounted in cast-iron suction-pipe and rising-main, with wrought-iion stretohQr. 
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Id miriDg hot liquids, nioh h the irort in breweriea, mctioii onnnot be employed by reason 
of tlie impoBaibilily of creating a vacuiun in ooQeequenoe of the eTolution of steam from the heated 
liquid. In such caaaa, tlierefor^ the pump miut be placed on a anfflciently low level to allow the 
liquid to enter by Ihe force of ito own gravity. When it is required to raise liquids of such a 
consistency as to be incapable of a rapid flow, a« tar, for eiample, the motion of the pump shonld 
be slow, and the height of the suction should be reduced as much as possible. In suoh oases, the 
pipes and working barrel should never be of small diameter, end the valves should have a higher 
tifl than is n.-quiidte for water. Also all coutractions of the passBgas and changea of direction 
should be avoided, as they greatly impede the flow of tbiok liquids. These remarks apply, though 
in a less degree, to town aeWB.ge. 

Pumps for Emptying Doclis.—The requiremeuta of this cue are limilar to those of sorbca 
drainage, and therefore the i&ine pomps may be applied to this pnrpoee. It should be remarked, 
bowevei, that the nature of the cbkin-pnmp readers it peooliurly suitable to the work of emptying 



nature of the work, and tbe conditions under which it has to be exeonte^ are such that a pump 
which is to be applied to these purposes must be simple in constniotion, capable of beering rongh 
usage, eesily tepured when out of order, of snob a natore that it may be readily erected in any 
loc^ty, and as readily removed when circumstancea require itj capable of raising a oonsiderabis 
quantity of water to a small height, and need but little attention. The whole of those require- 
ments are folfllled by tbe obmn-pnmp, and accordingly we Bnd this pump generally adopted. Of 
reciprocating pomps, Haywatd Tyler and Co.'s Univeisal pump fulfils the above requirements, 
witB the exon>tion, perhaps, of that one which requires it to be onpable of euy repair. This pomp 
has been used on several engineering works recently, and appears to have given entire satisfsotion. 
Ooe advantage roaseued b; this pump is, that it may take iu steam from a portable engine that la 
employed for other purposes, soch, for instance, as sawing. 

ftf^jnnniH.— Bilge-pumps are tlie pumps used on board sbips to remove the bilge-wator, that I^ 
the water which lies upon the bilge or bottom of the vessel. Di their eioiplest form they consist of 



painpe ws have already describsd, ft will not be ueoeBBsr; to desoribe them here. AnoDg the beat 
deugued end oougtrncted of this claoi of pompB are those mauufactored b; Watt and Co. CeD- 
ttifogol pnmpa liaye been mooeaaTull; appUed to Uiia purpose. 

Piunpi for Supplymg HgdrauHo Machuiiry. — The puipoae or this class of pumps is to force water 
into a leceiver ogaiiut the pieisare exerted bj a heavy veight, or bj the elaatioitj of the opposEnK 
■abstsace. The fonner case is that of Armatrong's aoeumaliilor, into which the water U forced 
by the engioe a^inst the preasure— often equal to 1500 H. of water — exerted by the loaded ram, 
the latter that of Brahma's preoe, into which the water is farced against the preaanre due to the 
elaaticit; of the snbstanoe compressed. The only kind of pomp applicable to this ca«e is the 
reciprocating, and of these only the forcing variety. There is nothing partEcular to notn in pomps 
applied to theae pnrpoaee, beyond the necessity of adapting their detaib to tbe work they l^ve to 
lief requirement is that their several parts shall posaesi sufficient atieagth to nith- 
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stand the pressure to wnieh the; will be enbiected. 

Fted-pamps. — These belong to the same olas* of 



pnmps *s the preoeding. They are required to 
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ditions as those for supplying hydraulic machinery, k. certain degree of niodiSeatioD in the case ol 
feed-pumps is due to the faot that they asoally work against a lower preisnre than the latter ; but 
essentially the oonditioiis are identical. The same kind and variety of pomps will therefore be 
reqnisita in this ease. Feed-pomps have been ftdlj treated of under Details of Engines, and we 
mast refer the reader to that article for complete iuforoatioii on this subject. 

Ar.^in^^Air-pumpa are employed either to exhaust the air contained in a given space, or to 
oompiees the air oontained in that space. The latter are of the nature of the forciUK pumps 
empWed for liquids; the former resemble the lifting pump. We have described and illustrated 
boui kindi under Air-pnmp, Diving, and Details of Ebginee ; In the latter of these articles the 
air-pump, as applied to steam-engines, being folly disaosBed. Becently. however, the compressing 
air pomp has been applied to Uie setting of laige iron oolnjuu in deep water, by expelling the 
water and mod from the bottom by means of compressed air instead of pumpiug it out of the lop. 
The engineer of the new graving dock at Hog Island, Bombay Harbonr, conceived the idea of 
setting the large columns, 6 ft. in diameter sndTO ft. in length, required for this work, in this way. 
To do this, however, an air-pnmp of great power and large volome was requisite. Sneh a pump 
was designed and supplied by Baroett and Poster, of London, and its nee was attended witt 
remarkable snooess. V\g. 6128 is a side elevation, and Fig. 6124 a aeotion tfarongh one of the 





CTlinden of this large treble pamp. These cylinders arc 9 in. in diameter and 18 in. in length, 
the throw of the (sank being 9 in., and the diameter of the latter 5 in. The leathering oF the 
plstcm i* on the principle adopted in hydraulic pumps, that is, it is so arranged that the pressure 
from within helps to tighten it. This arrangement is shown at C, Fig. 6421. The diaineter of the 
inlet-valve B is 1} in., and that of the outlet-vnlve A 2 in. There is a copper cooling cistern around 
the ootside of the pumps. This oistem is a cylinder of larger diameter than the pump-oylinder, 
the annnlar spsM between the two being fliled with water to prevent the latter mnn becoming 
heated, and so to presarre the air within the pump from bdng rarefied. The three pnmp- 
^liodDiB are connected at the top, as shown in Fig, 611i3, and bence the stream of air is ooutinnoua. 
On the top of each cylinder there is a lubricating cup. 

The mode of applying this pump to the setting of the ooIiuniiB was as follows ; — The Be^ei«\ 
. i._i._i ._...... . - , ,d lowered to receive a ftoahonQ 
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column put into communication with the air-pump. The water contained in the column was thus 
forced down and out at the bottom, the time required lo clear out the whole of the contents being 
less than half an hour. Such was the force of the prSssure dovelopt'd, that the whole column would 
frequently lift fully 18 in., letting the mud out at. the bottom. When cleared, the columns were 
entered, and filled up to a height of 5 or 6 ft. with hanl cement, thus converting them into a solid 
mass at bottom. When it is added that the power requisite to work the air-pump was only G-horse, 
the superiority of this mode of emptying columns oyer that usually adopted of pumping the water 
out of the top will be readily acknowledged. 

PUPPET. Fb., Poup^e ; Ger., Bocke ; Ital., Toppo / Span., Soportc de mandril. 

The upright support of a mandrel in a lathe is termed the puppet or poppet. See Hand-Tools. 
Machine Tools. 

PYROMETER. Fn., Pyrometre; Gee., Pyrometer; Ital., Piromctro; Span., Pirdmetro, 

A pyrometer is any instrument used for measuring degrees of heat above those indicated by the 
mercurial thermometer, and constructed usually on the principle of registering or measuring, by 
means of multiplying levers and a scale, the change in length of some expansible substance, as a 
metallic rod, when exposed to the heat, to be measured. 

QUARRYING. Fb., Exploitation dea carrwres. Detacher le roc, les pierrcs; Gee., Gesteln 
abtreS)en; Ital., Cavare; Span., Canteria, 

An excavation made for the purpose of obtaining stone is called a quarry. When the object 
Bought is a metal or coal, the excavation is called a mine. A quarry is usually worked open to 
surface, and is never carried to a great depth ; a mine, on the contrary, is rarely worked to surface, 
and the depth to which it is sunk is in all cases considerable. Quarrying differs little from mining 
in principle beyond what follows, through the latter being essentially an underground operation. 

Quarries are of two kinds, determined by the use to which the excavated material is to be 
applied ; and the mode of carrying out the work of excavation difiers in detail in eac^h of these 
kinds. When the stone is required for building purposes, it is requisite to extract it in that form 
from which the designs of the ouilder can be most readily obtained, and at the same time to avoid 
waste by breaking the stone in an undesirable manner. This necessitates a certain mode of 
operating, and some care and skill in conducting the operations. But when the shape and size of 
the pieces of stone extracted are immaterial, as, for instance, in the cases of chalk for lime, stone 
for road construction and maintenance, or in cuttings through rook for a line of railway. The 
expeditious removal of the stone is the main object to be kept in view. 

In quarrying for any of the above purposes, as, indeed, in all operations, a great object is to 
produce the greatest results with the available means. And to effect this object, it is necessary to 
study closely the formation of the rocks in which the excavation is to be made, so as to be able to 
take advantage of the natural divisions, and by that means to greatly lessen the labour of tho 
quanrman. It must be borne in mind that all rocks belong to one or other of two great classes, 
namely, the stratified and the unstratified. The former are sedimentary rocks, occurring in parallel 
beds or strata, and include a large class of most valuable building materials, such as the magnesian 
lime, sand, and free stone, '^millbtone grit, Yorkshire landings, and other well-known stone. Unstra- 
tified or igneous rocks, which include greenstone or whinstone, granite, and porphyry, have no 
distinct bedding, that is, the^ do not lie in separate layers. Roofing slate is a stratified rock, but 
it splits into thinner laminie m the direction of its cleavage than in that of its bedding, the former 
being often at right angles to the latter. Some igneous rocks, as granite, have also a natural 
cleavage, though not stratified. Advantage must be taken of all these peculiarities in order to 
carryout quarrying operations in an efficient and economical manner. 

When the excavation is in stratified rock and the stone is required for building purposes, hand 
labour is generally preferred to blasting, especially when large blocks for columns, obelisks, tomb- 
stones, and similar objects are required. Such blocks are obtained from the more valuable parts of 
sandstone deposits, technically known as liver-rock ; these are the thicker and more consolidated 
strata. Pieces of limited thickness, as flagstones, are obtained from the thinner beds termed bed-rocks. 
In quarrying bv these means from stratified rooks, a sufficient surface of the rock is first laid baro 
parallel to the bed of deposit. This portion has then to be disconnected from the general mass by 
cutting through the stratum or layer, so that it may be removed by sliding upon its bed. To efiect 
the operation, the quarryman, having previously marked out on the exposed surface the size and 
shape of the stone required, makes a number of small holes with a pick along the line drawn. Tho 
distence of these holes apart will depend upon the facility with which the rock can be cleaved. 
Wrought-iron steel-tipped wedges are tlien inserted in the holes and struck in succession with 
heavy hammers until the openings made by them extend from one to the other and also down 
through the stratum. The block is then free to slide upon its bed, and is removed from its original 
position by means of iron bars and levers. When the stratum is too thick to be divided in this 
way, and the stone is of a nature to yield readily to the cutting tool, which is usually a pointed 
hammer called a pick-hammer, the holes above referred to are sunk deeper, in the form of the letter 
Vt and the wedges inserted in the bottom. Another mode, when the rocks are easily cleaved, is to 
insert another row of wedges parallel to the natural cleavage. By striking these simultaneously 
with the others a block is procured of less thickness than the stratum. 

When the blocks have been removed from their natural position, they have still to be quarried 
into shape according to the purpose for which each piece is best suited. Thus, in a building-stone 
quarry, after the stones of unusual size and quality have been selected for the purposes mentioned 
above, the larger pieces are roughly formed into ashlar, window-sills, lintels, rybats, corners, steps, 
and the like, by means of picks, hammers of various kinds, and wedges. The small irregular-shaped 
pieces are called rubble, and are used for the commonest kind of building. Slates are split up into 
the requisite thickness by means of a broad chisel and mallet. 

The methods we have described apply chiefly to quarries opened for the sole purpose of procuring 
building stone. But it behoves the engineer who has to execute an excavation in stratified locks to 
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oonsider wheflier tlie material removed may not be advantageously employed in the construction of 
his works, and if such be the case, whether he may not profitably adopt these methods in preference 
to otiiers which, though more expeditious, spoil a large proportion of the stone. 

When the rock is unstratified, or when the stratum is too thick to be disrupted by the wedge 
without great labour, recourse is had to the action of explosive agents. The explosives most 
frequently used for this purpose are gun-cotton, dynamite, and gunpowder. Dynamite is now 
often employed, and always with considerable success. The dangerous character of gun-cotton has 
hitherto prevented its adoption for ordinary operations, while the comparatively safe character and 
convenient form of gunpowder have commended it to the confidence of workmen, and hence, for 
quanying operations, this explosive is generally employed. We shall therefore, in treating of 
blasting for stone, consider these operations as carried out by the aid of gunpowder alone. 

The system of blasting employed in quarrying is that known ns the small-shot system, which 
consists in boring holes from 1 to 3 in. diameter in the rock to be disrupted to receive the charge. 
The position of these holes is a matter of the highest importance, from the point of view of pro- 
ducing the greatest effects with the available means, and to determine them properly requires a 
complete knowledge of the nature of the forces developed by an explosive agent. This knowledge 
is rarely possessed by quarrymen. Indeed, such is the ignorance of this subject displayed by 
quarrymen generally, that when the proportioning and placing the charges are left to their 
judgment, a large expenditure of labour and material will produce very inadequate results. In 
all cases it is far more economical to entrust these duties to one who thoroughly understands the 
subject. The following principles should govern all operations of this nature ; — 

The explosion of gunpowder, by the expansion of the ^ases suddenly evolved, develops an 
enormous force, and this force, due to the pressure of a fluid, is exerted equally in all directions. 
Gonsequently, the surrounding mass subjected to this force will yield, if it yield at all, in its 
weakest part, that is, in the part which offers least resistance. The line along which the mass 
yields, or line of rupture, is called the line of least resistance, and is the distance traversed by the 
gases before reaching the surface. When the surrounding mass is uniformly resisting, the line of 
least resistance will be a straight line, and will be the shortest distance from the centre of the charge 
to the surface. Such, however, is rarely the case, and the line of rupture will therefore in most 
instances be an irregular line, and often much longer than that from the centre tlirect to the 
surface. Hence in all blasting operations there will be two things to determine, the line of least 
resistance and tiie quantity of powder requisite to overcome the resistance along tliat line. For it 
is obvious that all excess of powder is waste ; and, moreover, as the force developed by this excess 
must be expended upon something, it will probably be employed in doing mischief by shattering 
stones which it would be desirable to preserve whole. Charges of powder of uniform strength 
produce e£feots varying witli their weight, that is, a double charge will move a double mass. And 
as homogeneous masses vary as the cube of any similar line wimin them, the general rule is esta> 
blished that charges of powder to produce similar results are to each other as the cubes of the lines 
of least leslstanoe. Hence when the charge requisite to produce a given effect in a particular 
substance has been determined by experiment, that necessary to produce a like effect in a given 
mass of the same substance may be readily determined. As the substances to be acted upon are 
various and difier in tenacity in different localities, and as, moreover, the quality of powder varies 
greatly, it will be necessary, in undertaking quarrying operations, to make experiments in order to 
determine the constant which should be employed in calculating the charges of powder. In 
practice, the line of least resistance is taken as the shortest distance from tlie centre of the charge 
to the surface of the rock, unless the existence of natural divisions shows it to lie in some other 
direction ; and, generally, the charge reouisite to overcome the resistance will vary from -^to-^o^ 
the cube of the line, the latter being taken in feet and the former in pounds. Thus, suppose the 
material to be blasted is chalk and the line of least resistance 4 ft. The cube of 4 is 64, and taking 
the proportion for ohalk as -^^ we have ^ = 2-^ lbs. as the charge necessary to produce 
disruption. 

In oommenoing quarrying operations, the first thing is to find an exposed surface behind which 
the charge may be plaoea so as to force it outwards. A vertical surface presents fewer difficulties 
than any other, both because the resistance in such a case is usually less, and because the proper 
placing of the charge may be more readily effected. When the blasting is in stratified rock, tho 
position of the charge will frequently be determined by the natural divisions and fissures ; for if 
these are not duly taken into consideration, the quarrymon will have the mortification of finding, 
after his shot has been fired, that the elastic gases have found an easier vent through one of these 
flaws, and that consequently no useful effect has been produced. The line of least resistance, in 
this case, will generally be perpendicuLir to the beds of the strata, so tliat the hole for the charge 
may be driven parallel to the strata and in such a position as not to touch the planes which separate 
them. I'his hole should never be driven in the direction of the line of least resistance, and when 
practicable should be at right angles to it. 

The instruments employed in boring the holes for the shot are iron rods having a wedge-shaped 
piece of steel welded to their lower enos and brought to an edge so as to cut into the rock. These 
are worked either by striking them on tho head with a hammer, or by jumping them up and down 
and allowing them to penetrate by their own weight. When used in the former manner they are 
called borers or drills ; in the latter case they are termed jumpers. Recently power jumpers worked 
by compressed air, and drills actuated in the same manner, have been very successfuUv emploved. 
H«)le0 may be made by these instruments in almost any direction ; but when hand laoour only is 
available, the vertical can be most advantageously worked. 

The speed with which holes may be sunk varies of course with the liardness of the rock and 
the diameter of tiie hole. At Holyhead the average work done by three men in hard quartz rock 
with l|-in. drills was 14 in. an hour ; one man holding the drill, and two striking. In granite of 
good quality, it has been ascertainod by experience that three men are able U> sink with a 3-in. 
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jampw i ft. in a da; ; with a 2J-In. jumper, 5 ft.; with a21-ia., GR.; witha2-iii., SfL; and wilh 
a ]}-in., 12 ft. A etrong man with a I'in. jumper will bore 6 fl. in a day. The weight of the 
hammers ii«ed with drills is a natter deeernDg attention ; for if too heavy they fatigue the men, 
iand oonsequently fewer blows are giien and the eifeat produced tesseiied; while, on the other haml, 

I too ligit, the strength of the workman ia not full; emplu^red. The usual weight is from 5 

oTlbs. 

As tlie laboar of boring a shot-hole In a given kind of rook ia dependent on the diameter, it is 
obviousl; desirable to cmke tlie bote as am^ as possible, due regard being had to the size of the 
charge ; fur it muet be borne in mind in dettrmining the diameter of the boring that the cliarge 
should nut occupy a great length in it. Various expedients have been resorted to for the pnrpoeo 
of eolaTgiiig Ibe bole ut the bottom so as to form a cuamber for the powder. If this oonld be easily 
effected, auoh a mode of placing the charge wonld be highly advantageous, as a very email bore- 
hole would be Bnffloient, and the diffloultiee of tamping much leaaenod. One of tb(»e eipeilients is 
to place a smiill charge at the bottom of the bore and to Are it after being properly tamped. The 
charge being iosuffioient to cause fractare, the parts in immediato contact with it are oompressed 
and crushed lo dust, and the cavity is thereby enlarged. The proper charge may then be inserted 
in the chamber thus formed by boring through the tamping. Another method, applicable cbieQ; 
to calcareous rock, has been tried with satisfacto^ resulU at Mnrseillea. Wheo the bore-hole has 
been sunk lo the required depth, a copper pipe, Fig, 6425, of a diameter to St the bore loosely, ia 
introduced, the end A reaching to the bottom of the hole, which ia oloacd up tight at B with clay 
BO that no air may escape. The pipe is provided with a bent neck 0. A small leaden pipe about 
i in. in diameter, with a funnel / at the top, is introduced into the copper pipe at D and passed 
down to within about an inch of the bottom. The annular spaoe between the loailon and copper 
pipes at ir is filled with a packing of hemp. 
DUute nitric noid is then poured tbrougli 
the funnel and leaden pipe. The acid dis- 
•olvea the calcareous rook at the bottom, 
causing an effervescence, and a substance 
containing the dissolved llmo is forced out 
of the orifice C. This pmoeaa ia oontiuned 
nntil from the quaottty of acid consumed 
it ia judged that the ohamber la sufBciently 
enla;^^. Other acids, Buoh as muriatic or 
Bulphnrio, will produce the same effects, but 
the result of the ohemical solution will of 
course depend upon the nature of the alone. 
After the shot-hole bas been bored, it ia 
cleaned out and dried vrilb a wisp of bay, 
and the powder poured down ; or, when the 
bole is not vortical, pushed in with a wooden 
renuner The quantity of powder should _ 
alwaj'S be determmed by weight. One pound, 
when loosely poured out, mil oooapy about 
30 onb. in., and I cub. ft. weighs 57 lbs. A 
hole 1 in. in diameter will tberefoie oonlain 
•m 03S. for every inch of depth. Hence to 
find the weight of powder to an inch of depth 
in any given hole, wo have only to multipl; 
■414 oz. by the square of the diameter of 
the hole in inches, and we are enabled to 
determine either the length of hole fir a 

Eiven charge, or the charge in a given spooe. 
t is important to use strong powder in blast- 
ing operationB, because, as a smaller quantity 
will be suffloient, it will oconpy less spaoe, 
and theteby save labour in boring. 

When the line of least TuBistanae has been 
decided upon, care must be taken that it 
remains the line of least resistance; for if 

the since in the bore-Lole ia not properly filled, the elastic gases msj And a 
direction than in any other. The materials employed to fill this space are, when so applied, called 
tamping, and they consist of the chips and dust of the quarry, sand, welt-dried clay, or broken brick 
or stones. Various opiniona are held concerning the relative value of these maleritda as tamping. 
Sand offers very great resistance from the (notion of the particles amongst themaelves and agaiimt 
the sides of the bore-bole ; it may be easily applied by pouring it in, and is always readily obtain- 
able. Clay, if thoroughly bakod, offers a aomewhat greater resistance than sand, and, where readily 
procurable, may bo advantageously employed. Broken atone is much inferior to either of these 
substances in reeiating power. The hvour in which it is held by quanymeu, and the frequent use 
they make of it as tamping, must be attributed to the fact of its being always ready to band, rather 
than to any eioollenl results obtained from its nae. 

To lessen the dangpr of the tamping being blown out, pings or cones of metal of different shapes 
are sometimes inserted in the hole. The best forms of plug are shovra in Figs. 6426, 6427 ; Fig. 
M26 is a metal oone wedged in on the tamping with arrows, and Fig. 6427 is -'--—'-'-- ' • 

These mechanical contrivancos sue employed only in pnrticuhu oi ■ 

shaft ; bat their efficacy may well be doubted. 
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In detennining the most economic method of obtaining a given quantity of stone from a quarry 
of any partictilar description of rock, it is necessary to ascertain, first, the speed with which the 
bore-holes may be sunk ; second, the eflfects of certain agents, such as small charges or acids, in 
enlarging the chamber at the bottom ; third, the constant from which the charge is to be (»lculated ; 
and, fourth, the height of face that can be obtained in the quarry. The latter is a very important 
ouestion economically, for it is obvious, since the charge is placed behind the face, that the higher 
that face is, the larger will be the mass of rock dislodged. When the £Eice is low, the charge has 
the same mass to act upon as when the face is high ; but in the latter case, a much larger mass 
is dislodged by its own weight After these data have been determined, the size of the block 
required must be considered, and a large charge, or a succession of small charges, applied accord- 
ingly. In some quarries large charges are always preferred on account of the less frequent necessity 
of clearing the quarry of the workmen. To fire the charge a Bickford's fuze is generally employed ; 
this fuze is inexpensive, very certain in its effects, not easily injured by tamping, and is unaffected 
by damp. 

In excavating rock for a railway outtinR, a gullet or small cutting is first carried throujs^hout the 
work, and it is of the highest importance that this gullet should be carried down to the rail depth 
of the cutting. The gullet is then widened by blasting down the faces. The economy of these 
operations depends in a very high degree upon the skill with which the charges are applied. 
There is a case on record in which a railway cutting through hard rock was carried down by blast- 
ing to a depth of 2 or 3 ft. less than was required of the contractor. To remove these 2 or 3 ft. bv 
hand labour, cost about a guinea a cubic yard, whereas the rest of the cutting averaged only Ss, 6a. 
Had the gullet been taken out to the reouired depth in the first instance, and the charges pla<^ 
lower, the same quantity of powder woula have been sufficient to complete the work. 

In quarnring, as in mining, much of the cost is incurred for the removal of water from the 
workings. A set of pumps and a steam-engine, or a water-wheel where water-power is available, are 
indispensable for every ouarry of any extent. The clearing away of sand, gravel, and other loose 
debris from the upper bixl of the rock also entails considerable expense. This debris, which 
geologists call drift, and quarrymen tirring, often becomes suddenly very deep, especially when the 
beds dip at a high angle, and it constitutes an obstacle by which many quarries of stratified rock 
are soon arrested. 

See BoRiNa and BLAsriNa. Tunnelluvq. 

BACK. Fb., Cremaiiiere ; Geb., Zahustange ; Ital., Dentiera ; Span., Cremallera. 

A rack is a straight bar with teeth on its edge arranged so as to gear with those of a wheel or 
pinion which is to drive or follow it See Mechanical Movements. 

BAIL. Fb., BaU; Geb., Schiene; Ital., Rotaia; Span., Barra-carril, 

See Mateblujs of Constbuction, Strength of, Pebmanent Wat. Bailway ENOiNEEBiNa. 

BAIL WAT ENGINEEBING. Fb., Construction des chemins de fer; Geb., Eisen-bahn Bauten; 
Ital.. Costnukme delle strode ferrate ; Span., Direodon facuitativa de ferro-carriles. 

The subject of railway engineering includes all the duties which devolve upon an engineer in the 
laying out and constructing a line of railway, from the preliminary surveys and levels necessary to 
the selection of the most eligible route, to the final laving of the permanent way. Some of the more 
important works of construction inseparable from a line of locomotive traffic, are described under 
their respective heads, as well as many minor details also connected with the present subject. In 
England and in Continental countries, certain formalities in relation to the Legislature and the 
preliminary surveys, must be complied with, previous to obtaining permission from the Government 
to construct the proposed railway. This is known in England as Parliamentary work, and is 
nothing more than the observation of certain regulations with regard to the preliminary surveys, 
laid down by the Government. In every instance it is indispensable to conduct these surveys, and 
therefore we shall describe the best metliod of carrying them out in a general point of view, leaving 
the 1^1 part of the subject out of consideration. All information on this point so far as Great 
Britain is concerned, can be obtained from the Standing Orders of the Lords and Commons. 

Preliminary Survey or Reconnaissance. — The first step necessary towards the construction of any 
description of route of communication between two places, whetlier railway, road, or canal, consists 
in a preliminary survey or reconnuissance, to use an expressive term firequently employed by military 
engineers. This reconnaissance requires that the proposed route be either ridden or walked over, 
and a careful examination made of the principal physical contours and natural features of the 
district The amount of care demanded and the diificulties attending the operation will altogether 
depend upon the character of the country and the condition of civilization to which it has attained. 
The i^hsence of any map, no matter how incomplete and erroneous it might be, is a .serious incon- 
venience. Engineers wno have made only preliminarv Parliamentary surveys at home, with the 
Ordnuice maps in their hands, know little of the trouble, delay, and disadvantages attending the 
absence of all such glides. In the former case they have the bearings marked down for them with 
all the accuracy requisite for their purpose, in the latter they must obtain them by observations 
along the journey. It is for this reason that the spirit-levels used by engineers in England are 
rarely or ever provided with compasses, as the existence of excellent maps renders them unnecessary, 
whereas they are always attached to the instruments intended for foreign service, when it may be 
necessary to determine one's whereabouts at any moment 

The immediate object of the preliminary survey is to select one or more trial lines, from which 
the final route may be ultimately determined. When there are no maps, or when those which can 
be procured are not sufficiently m detail, points to the right and left of the imaginary line of road 
must be ascertained by bearings and connected by triangulution vrith the theodolite. The details 
may be filled in with Uie plane table and compass, so as to afford an accurate survey of the portion of 
the eountry, more or less wide, through some part of which the proposed route must pass. Many 
engineers prefer the prismatic compass or the box sextant for filling in details. Sometimes a 
separate survey must be made of each trial line by a traverse, and villages and other important 
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points laid down by taking oross-bearings with the compass. When the several trial lines are all 
plotted to the B:ime scale, a good map can be prepared from which the exact line of mad can be 
selected. In making a reconnaissance there are several points which, if carefully attended to, will 
▼ery considerably lessen the labour and time otherwise required. Lines which would run along the 
immediate bank of a large stream, must of necessity intersect all the tributaries confluent on that 
bank, thereby demanding a corresponding number of bridges. Those again which are situate<l 
along the slopes of hills are more liable, in rainy weather, to suffer from washing away of the 
earthwork and sliding of the embankments, than others which are placed in valleys or elevated 
plateaux. When a line of railway crosses the ridges dividing the principal water-courses, the 
ascents and descents are greater, and the cost of working the finished line will be proportionably 
increased. 

The position of summit levels, important features to be determined in selectm^ a line of railway, 
road, or canal, may be ascertained bv observing the direction and size of the existing water-courses. 
The diagram in Fig. 6428 shows that the water falls from to D, and also transversely from 
A A^ and B B in the direction of D. In Fig. 6429 the ridge is broken along the line A A, from 
which the water flows in both directions towards G aud D. In order to join the points A and D in 
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Fig. 6430 the line may run at once through B and C, or it may pass by way of the streams L M and 
O P. By the latter route the line would rise along the whole distance from A through L and M to 
the summit at N, and fall from N through O and P to D If the district between B and O consists 
of an elevated plateau, the longitudinal sections of the two lines will be represented in Figs. 6431, 
6432, by A B D and AND. If the line passes from A to B in Fig. 6433 by the several routes 
A, B, 0, D, the corresponding sections will be as shown in Fig. 6434. The conclusion to be drawn 
from these diagrams is that the difference of elevation to be overcome will be a minimum when the 
line crosses at the head of the streams. ^ , xt 

IHal Lines by Cbmpass.— When the line of railway has been approximately found by the reoon* 



BAILWAT ENOIKSBRINO. S697 

wOaanee, ft trial liae nwy be ran by oompass throngh Oioee parts of the dirtrict which prMent Iha 
mort fsTOiirable fentnreB. It may be poughly staked out, and the leading topocmphical details 
right and loft of it sketched in. If the trial fine Bbonld follow the bed of a Blream, it will hare » 
oontonr A M C, as ebown in Fig. 6435. The loweit line of the Talley, although moderately inolineil 
lit flnt, risea more and mora rapidly in tbe direction of the aouroe of the stream na represented by 
the closer appmooh of the contour lines on the plan in Pig. 6436. If jt be required that the lino 
should rise nnifonnly from A to (he sommit level, the horizontal diatanoes between the contoor lintB 
must be all eqoal (broughoot the whole asoent. This equality may be ensured by causing the line 
to cut the contoars at right angles daring the first part of the asoent. and obliquely as the summit 
level is approrohed. By these means the contour lines become nearer to one another, and we obtaio 
the section A M M A on the plan in Fig. 6436. The oonloar line is leyel. The line cutting the 
conlont line at right angles is the steepest line the ground allows of, and the inclination can be 
*aKed at plsnsnre botwoon tliose limits. A very good idea of the reonlt, so far as the section U omi- 
eemed, of ontting the oontonr lines in different distaooes is shown in Figs. 64.17, 6438. If the points 
A and B be connooted upon the plan in Fig. 6137 by the straight line A B, we (^)taia the section 




shown by A L N H B in Fig. 6439. If the lonte follow exactly the direction of tho oontonr line 
from A to B^ all the points are on the same level ; and the section will be represented by the 
borizontal line A B in Fig. 6438. IF the route run midway between the straight line A B and the 
ODnlonr line A E F H B, the coiresponding section wiU be given in Fi)?. 6438 by A E F H B. If 
the points and D, which are at diS'erent elevations, be oonnected by the straight line C D in 
Fig. 64S7, the aectiDu wUl ba represented by O I P K D in Fig. 6138. To descend at a nniform 
rate of indination from O to B, the rate must be known, and tho Tertioal distnnco between tho 
a lines. The oorreeponding horixontal distances between the contonr lines are then known, 
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whloh, applied as by the dots in Fig. 6436, give the rcnniied descent. The correepontUng sectioi 
BbowD in Fig. 6438 by the atnighl line C O. The line A E F B B on the plan is longer than 



the 
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rtndght line A B, and th« oontonr lins ia Imiger stilL Tbia iooK«aed length la not reiirenntoii in 
the aeotkm in Fig. 6438, as the object is marel^ to show the geDeial rehttion between the plan tnd 
•ectloD, and the nse of ooireotly-drawn contoiir tinea in adjnating anj route to the nound. 



to the wale of detail to obioh the map ia drawn. Bnppoaing that a really good map is obtiUDalile, 
aoaething approaching English Ordnanoe maps, the operaUon ia sa foUowa ; — Hap in hand, the 
engineer waUra over tlie gronnd, marking on the plan certain pointa through which the trial linea 
are to pas. The points are connected tomtber by attaigbt linea and ciirvea of giTcn ladii, and 
the line or ILuee are then rettdy. to be levelled over, ia order to asoertaio which of them preaenta the 
best section or proSle, as it ia aometimee called. In inatonoea to which the proposed route wUl pro- 
bably ran for a portion of its length along one or other of the banks of a stream, trial linea must be 
made on both banks, not odIt in order to determine the beet longitudinal sectioo, but also to dia- 
oover the number of tributaries or feeders which belong to each aide, since every one of these neoes- 
aitatee a bridge, or at least a diversion of the stream. 

Triai or Flying Ltntit. — When unoe tlie trial lines have been marked on the map, the levelling 
1b done by an ordioary instrument in the same manner as for the final route, wbicli will be described 
in its proper place. But in oountries of which there is no map, and in which the natural 
features are extremely ragged, the levels along a proposed route cannot be taken by the spirit- 
level. A less precise, but more portable, and more easily manipulated instrcmeni must be employed. 
It most be borne iu mind that in new countries in which there are no buildings, no private 
demesnes, and no vested interesla to interfere with, the aelection of a line of railway depends alto- 
gether upon the longitudinal aection. For this reason the exact route ia of little cousequenoe, and 
the preliminary survey ia limited, iu the first case, to determining the relative altitudes cF certain 
pointa through which, or in Che vicinity of whioh, the line must pass. If we anppoee for a moment 
that the altitudes of ten obligatory pointa have been aacvrtained, it is a simple queation of winding 
the line between them, or, in other words, lengthening it until the maximum gradient which can 
be worked, is obtained. Flying levels are taken with great convenience and sufficient accuracy 
for the purpose by means of an excellent little instrument called the aneroid barometer. This 
instmmeut eonslBts of a flat cylindrical metallic box, exhausted of air, the top of which ia made 
verj thin, and oannBted in concentric circles, in order to render it more elastic. When the 
fttmoapherio preaanre mcroiaes, tl ' ....... 



is cormgated top ia forced inwaids or downwards. When, o 



index moving over a circular scales giBdnated to 

I aeveial peita ot this instrument are sbowTi in 

Pig. 9139. A A ia the metallic box, with corrugated top, exhausted of air, and fixed to the bottom 




of ft braaa case encloeing the mechaniam of the whole inatrument. B ia a small column connecting 
the top of the box with the principal lever E D, the latter moving upon the fulcrum C. The move- 
ment of the amall end of the lever ia carried by the rod F to the abort end of the bent lever G H, 
to the upper end of which is attached the watch-chain I L This chain pasaea round a amall drum 
upon the arbor carrying the needle N N at its npper end. 

A amall hair-spring npon the arbor r^ulatea the motion ot the needle. 6 ia a apiral spring, 
whiob, by ita tension, raises the princifol lever E D, when the preasuro on the top of tha box ia in 
any way leaaenad. The circular acalc, aecn in aection at M, ia graduated by comparing ita indico- 
tiona under different pressures with thoac of a standard mercuriiiJ baromotor. 

With a good aneroid a difference of 10 ft, in elevation may be detected. The mercurial column 
to the cislem barometer falls, in round nnmbora, 1 in. for each 1000 ft. of ascent. The amount of 
motion of the aneroid needle corresponding to I in. of the mercurial column depends upon the eize 
ftnd propmtiona of Uie instrument. With tlie outer case S in. in diameter, the needle ia 3 in. long, 
and the diameter of the gntdoated citdo the eame. I iiL on the mercurial column is .repreaonted 
upon toch a circle by aninoh and a half. This iuchandalialf is called an inch, and is divided into 
ten parts ; and each of these again ia subdivided into five parts ; and aa these smaller divisions are 
e«aily halved by the eye, Uie -^ of an JDob, whicik corresponda to a difference in elevation of only 
10 fC, ia readily determined. 

To use the aneroid, tha following rale has been prepared; — Aa the anm of the readings at the 
dUfoient atatioua ia to their diKreuoe, so is 95,000 to the elevation reqoired. Thus, if the reading 
at the foot of a hill is 3005, and at the Mm 29-44, the auro ia G9-49, and the difference 0'61 ; 
wheooe the proportion 09-49 to 0-61, aa 55,000 to 564 ft. At the back of the aueroid is placed a 
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nnall aorew, by means of which the needle may be set in either direotion, so as to oonrespond with 
a standard barometer. In measuring an elevation, or in running lines of levels, the aneroid should 
be compared with a standard barometer or with another aneroid at the commencement and at the 
termination of the work, and at frequent intervals between, in order to detect any irregularity in 
the instrument The aneroid is chiefly useful in working from one known elevation to another, to 
detannine the approximate heights of intermediate points. For long-continued obaervationSt 
unchecked, or for long profiles, the barometer Ib of little or no use. 

The instrument should be carefully handled, and when used held in a horizontal position, in 
order that the ommterweight may act properly. For nice work, an allowance ^ould be made for 
variations in the temperature, both of the air and of the instrument. 

This has not been ooiunonly done in using the aneroid, though the results would certainly be 
more reliable if this point was regarded. 

Flying levels may be taken by the plane-table by adjusting it carefully to the horizontal posi- 
tion, measuring the tangent of the angle of altitude or depression and multiplying it by the distance. 

When the barometer is employed for taldiig preliminary or flying levels, the following formuhe 
may be used for calculating the di£ference of level at the different points where the observations are 
made. Let H and H, represent the hei^t of the mwourial column in the barometer at the lower 
and higher stations respectively. Put T and T, for the eorresponding temperatures at the two 
stations of the mercury in degrees of Fahrenheit, as shown by Hie attached thermometer, and T^ 
and T, for the temperatures of the air in degrees of Fahrenheit, as shown bv the same thermometer. 
Then, putting H, for the height of &e higher station above the lower, we have 

H, = 60360 { log.H - log.H» - 0000044(T - T.) } ^1 + ^LiAzL^V 

When rapidity of calculation is more desirable than great accuracy, the value of H, suffidently 
exact for all practical purposes Ib given by the equation 



H, = 56300 (log. H - log.H.)^l + ^^2^») 



If tables of logarithms are not at hand, and when the height does not exceed 8000 ft the boro- 

(T — T \ 
1 4- ^^^' 1, from 

which H. = 52428 |^(l + 2i±^^*). 

These formulfe are applicable also to the aneroid barometer, with the exception of the ooneetkm 
depending on the temp^ture by the attached thermometer. The aneroid barometer may be con- 
structed in soch a manner as will enable all corrections for the effect of its own temperature on its 
indications to be dispensed with. If it be required to correct the difference of level for variations 
in the force of gravity, the value already found for H, must be multiplied by 

H, 



l-h000284cos.2x-h 



104*50000 



In the equation \ is the mean altitude of the two stations or points of observation, and H, the 
mean of their heights in feet above the level of the sea. 

Fl3ring or preliminary levels may be also taken by determining the boiling point of pure water 
by a sensitive thermometer. The boiling point falls very nearly at the rate of one degree of 
Fahrenheit, for every 543 ft. of ascent. The exact rate may oe thus determined ; Let F = 
height in feet, then F = 517 (212<' - T) + (212° - T)<, in which T is the boiUng point in 
Fahrenheit's scale and F the height of the station where the experiment is made, above a station 
where the boiling point is 212^. To compare the levels of two stations the boiling point of pnre 
water is to be observed at each, and the quantity F calculated by the formulas for each of the 
boiling points. The approximate difference in level will be the difference of the values Of F cor- 
rected for the temperature of the air. 

The use of flying levels, besides affording general information with regard to the proposed route, 
is to determine the elevation of detached points of great importance zeijpeoting the cost and 
feasibility of the line. It is frequenUy at these spots where constructive works of great magnitude 
are rec^uired, and unless a tolerably approximate idea of their relative level can be previously 
ascertained, it is impossible to make an estimate of the expense of the whole undertaking. In an 
old countrv the levels are frequently made subservient to the plan, that is, that there are so many 
objects to oe avoided in order to prevent incurring heavy compensation and other serious expenses, 
that the direction of the line is often of more miportance tnan the levels and gradiente. The 
reverse is the case in new countries and colonies. The direction of the line, so far as the land is 
concerned, is of no consequence. It is tiie question of the levels which virtually decides whether 
the line is actually practiciible, and determines the route which it must follow. 

Sefection of SotUe, — In deciding on a project for a railway, the engineer will have to form an 
opinion as to whether the expenditure will be repaid, and to select the route which secures the 
greatest traffic, and at the same time involves the least expenditure. He has to decide whether the 
amount of traffic to be expected will warrant the construction of a first-class railway, or whether a 
railway of a lighter description will suffice, cheuper to construct, but of correspondingly less carry, 
ing power. Such problems involve statistical, political, and commercial considerations, as well as 
engineering ones. 

There are certein items in the construction and maintenance of railways which are independent 
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of the route selected, but there are others which, on the contrary, are altogether dependent upon 
it. The various items which regulate the rate at which goods can bo conveyed upon railways are 
as follows ; — 

1st The interest on the capital expended during the construction of the lino. As this charge, 
for a given line, is a fixed sum, its influence on the cost of transport will be in the inverse ratio of 
the quantity of trafiSo. 

Ihid. Of the cost of repair and maintenance of the railway, including the earthworks, the per- 
manent way, the buildings, the rolling stock, and the apparatus employed in working. 

3rd. Of the cost of police. 

4th. Of the cost of traction, which is proportional to the traffic. 

5th. Of the expenses of management and working, proportional in part to the traffic, and 
partly independent of the quantity of traffic. 

On English railways only about 50 per cent, of the capital expended before the opening 
of the railway has been spent on the actual works of construction. Of the remainder about 
20 per cent, on the average has been laid out in the purchase of land, about 10 per cent, in 
the purchase of carrying stock, and the remainder in law expenses, discounts, and other pre- 
liminarv charges. 

Of the gross receipts, taking one year as a sample, 7 per cent, was absorbed in maintenance of 
permanent way, 18 per oent. m locomotive and wagon expeniies, 12 per cent, in traffic charges, 
and 10 per cent, in police rates and other expenses, amounting to 47 per cent, altogether, and 
leaving 53 per oent for payment of dividends. 

It 18 important to notice the relative proportions of these items, because they indicate the order 
of preoedenoe of the questions to be conridered in the selection of a line of railway. It is easy to 
show from these figures that the augmentation of the traffic holds the first rank amongst the cou- 
siderations determining the choice of route, and that economy of construction takes precedence of 
queetions depending on the expenditure of locomotive power. 

For a colonial line the cost of construction bears of course a larger proportion to the gross pre- 
liminary expenditure ; the cost of land may be reduced, and other preliminary items, unavoidable in 
an old country, vanish. In the construction of the Mauritius Railway the land cost 17 per cent, of 
the preliminary expenditure, and nearly the whole of the remainder was due to cost of construction 
and rolling stock. Obviously, in such a case, economy of construction is relatively of greater 
importance. 

If all the traffic is between two terminal points, then the best direction for the road is the 
straieht line joining them, because, other things being equal, the straight road being the shortest 
will be the oheap^ to work, and the least expensive to construct. For through traffic the only 
reason for deparung from the straight direction is tiie necessity of avoiding heavy works of con- 
stmotion ; and the question whether a straight line involving diffioult worbs, or a more circuitous 
bat easier route is to be preferred, resolves itself into the question whether the annual saving of 
oost of oarriage and maintenance, due to the less length of the more direct route, is greater 
or less than the interest of the excess of outlay due to its adoption. And since the annual saving 
of transport on the shorter distance will be proportional to the quantity of traffic, it is obvious that 
the greater the amount of the traffic, the more the outlay which may be incurred to secure the 
shortest road. 

In the earlier railways in England, oonstructed at a time when the power of the locomotive was 
very limited, all other considerations were sacrificed with a view to the attainment of the most direct 
and most perfect line. Indeed, directness was held only second to the necessity of easy gradients. 
No expense in heavy works of construction was spared, either in shortening the line or reducing 
its gradients. Locke was the first to break through this rule, and his system, known at the time 
as me undulating system, was to follow as far as possible the undulations of the ground, and to 
diminish to the utmost the oost of construction, by avoiding heavy works. To that end he not only 
permitted his lines to deviate from the direct route, but he iatroduced gradients of 1 in 70 to 1 in 80, 
or five times as steep as the ruling gradient on the London and Birmingham, twelve times as steep 
as the ruling gradient of the Liverpool and Manchester, and nearly twenty times as steep as that of 
the Great Western. 

All the tendency of railway engineering since Locke's time has been to follow the direction 
indicated by him; instead of ranking fiatness of gradient first, directness second, and economy of 
ooQstmction third, in considering the route to be adopted, that order might almost be said to be 
inverted in all but exceptional in^noos of l&rge and assured traffic. 

Independently of quantity of traffic as affecting the outlay on a railway, the necessity of 
eooncmiy of construction becomes of paramount importance in new countries. In America it is 
often necessary to push forward a railway into new districts long before the traffic has assumed 
deAaed directions, or its future amount can be estimated with any certainty, and when capital for 
construction of an expensive line cannot bo found. In such coses the railway has to be constructed 
as cheaply as possible, almost without regard to the efibct of the sacrifices to secure that end on the 
ultimate cost of transport. The establishment of such a line is, in America, immediately followed 
by the settlement of population in the adiacent country, the introdnction of industry, and the deve- 
lopment of natural resources ; and by the time the cheap structure is worn out the profits have 
usually been sufficient to replace it by a more durable and perfect one. Such a course, however, is 
not to be justified in a country where the population is tolerably fixed and the traffic can be 
estimated with some degree of certainty. In that case, the question between the cheaper and the 
more expensive route is, simply, in what way will the total cost of transport, inclusive of interest 
charged on outlay, be made a minimum ? 

when it becomes a question how far the railway sliall deviate from the straight line, not only 
to reduce the cost of works of construction, but to secure increased traffic, the question is a still 
more complex one. If a railroad is very short, the larger proportion of its traffic is through traffic ; 
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bnt Uio longer It fa, the hrget the proportion whioti tfao lorol bean to the throngb traffic The 
mitjority nf mwengerg do not travel more thnn 25 milos, nnd tbe samo rule iiolda with freight. A 
Btreielit wid direct line ierves best the through trsfflo between the terminal pnintB, but it beriee 
Tory badlj tbe intermediate diBtriot. In England, in Frame, in America, and in India, the import- 
ance of the local trafBc has proved mach gre&tor than was at first expected, and is now %o muoh more 
generally reoc^iied than it used to be, that it ia impolitic and prejudicial to aaoriflee the inter- 
mediate distiiotg to the terminal ones. In India the l<xlal trafflo pajB muoh more than the through 
trofilc, and it ba« in some inatancee been found worth while to make a consiilerahle detour ia 0[%r 
to pick it op, inatead of leaving It to find ita way to the main line, or attempting to serve it by 
branches. The teal question in such a case is, how ftir will the reduction of the coat of carriage, 
dne to the angmetitatioa in quantity of the trafSo, oompeosate for tbe increased eipendltore in 
traction and maintenanoe of the longer line ? 

aaage.—Tiie gange of a line depends upon several oonditions, Booh as the gauge of lines already 
eiisting. which must be placed in commnnication with the proposed railway, the amount of trafSo 
likely to be developed, the peoaniary condition of the oonntry, and the local features of tbe route. 
The gauges at present of lines worked by locomotives vary from 1 ft. IIJ in. to 7 ft. J in., the 
former being that of the Festiniog Railway, and the latter that of the Great Western. The latter 
nay. however, be regarded as exceptional and obsolete, as it is rapidly giving place to the standaid 
gauge of 4 ft. 8} in. In the article Permanent Way, some particulsfs aro given of the various 
gauges adopted in English colonies and elsewhere. A break of gauge, or the construction of some 
lines in the same country of a different gauge to others, is very undesirable, aithougb this has tnken 
place in India. The means by whioh to guard against this error, ia not to construct the Brst lines 
in the oouutry of a gauge in excess .... 

of the requirements of the traffic 
It is easy in oountries in which the 
land is not of any great value to 
lay down an additional line of rails, 
which will enable more trains to ba 
run, when necessary, without i 
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tbe locomoUves and rolling atock 

generally. A bread gauge means 

a ccxrespouding increase in the size 

of all the standing works of tbe 

line^ and consequently an incre«sed ».|*-— -C 

expenditure in their oonstruotion. 

Instead of adhering to any par- 

ticnlar atandard, tbe gauge of a 

line in a new conntry should be 

selected, as that whioh will be anfQ- 

oient for the demands likely to be 

made upon it for many years by the 

traffic of paasengeiB and goods. In 

Japan, for instance, a gange of 3 ft. 6 in. hag been adopted. The manner in which tbe gauge afleots 

the standing works of the line^ and the traosverBe area, will be apparent from aa insptction of 

Fig. 6140 aod Table L, in which all dimensioos are in feet and inches. 
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Although the wider the gauge, the wider the rolling stock, ns a rule, j-et the briadth of the 
carriages aoee not depend alhigether upon that of the gauge, because the overhang, or the projec- 
tion of tbe sides over the metals, may he varied to a certain extent, according to the opinion of the 
It ia evident that with a gauge of very limited dimeosiona, if the overhang is cooaider- 
at proporUon, the carriages will rock very mactt. and dangeroosly so at high speeds. As 

„ „a lUmbiishea, and the overhang increases, the whole system becomes approximated to a 

•li^;le rail with the rolling stock balanced upon it. The rocking or lurching of carriages becomes 
aometiines very serious, especially when the aix-foot or ordinary distance between any pair of rails 
ia reduced, as ooenre at stations and at those spots at which junctions end aiding lake place. 
Ao^denta have happened at tiiese points by reason of the aides of the carriagea conuog Id cantnct. 
In all cases the gauge is meaanied from the inside of tbe bead of the rails. Wheela which are 
designed for one particular gauge will run over othera in which the difference does not smount to 
more than on iaek one way or the other. 

OmdimU and Oinwi.— The oousiderations wliich governed the adoption of gradients on ordinary 
reads were for a long time supposed to apply to the loconrntive, and to fix the proper mling gradient 
on railways at about I in 290. There has I>een muoh disonsaioD as to the gradi^its whioh a looomo- 
tive «u tttgMe of asoending, %nd m to whether the power expended on the ascending gradients 
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was or was not feonperaied on the deBoending ones. It was at no Yery distant period predicted by 
a leading engineer that the working expenses of gradients of 1 in 40 woold amount to such a sum as 
to more than swallow np any possible receipts. And on the earlier lines, in several instances, 
where steep gradients could not be avoided, stationary engines were erected to draw up the trains 
by rope traction. Now the case of the locomotive is m many respects very different firoin that of a 
horse on a metalled road. The tractive power of the engine for a ^ven effective steam-pressure is 
constant, and nearly independent of the velodty, and the adhesion is constant. Hence a reserve of 
tractive force for surmounting di£Boult parts of the line can only be obtained by working the engine 
over the other parts of the line at less than the ftill power of which it is capable, and therefore 
uneconomically. 

But, on the other hand, the resistance on railways is not, like the resistance on roads, indepen- 
dent of the velocity. Hence an engine will take up a gradient, at a slow speed, the load which it is 
capable of drawing at a mu(^ higher speed on the level ; and since, generally, some variation of 
speed may be permitted without objection, a compensation is thus afifoided to the otherwise preju- 
cucial influence of the gradient Again, if the gradient is only a short one, then the locomotive 
may, so to speak, take the gradient at a run, and, by gradually expending in the ascent, part of the 
work aooumulated in approaching it, may also take up a heavier load than would otherwise be 
possible. BoUi these considerations help to explain wny the influence of gradients on the cost of 
traction on railwayB has been much less than the earlier engineers supposed would be the case. 
The most important consideration, however, is that the locomotive expenses form only about one- 
third of the whole expenditure on transport ; and since the power expended on the gradient affects 
only this item of the expenditure of wondng the line, it may easily be seen that there mav in other 
ways be compensation to such an extent as to quite hide the i9fluence of the gradients. The Lanca- 
shire and lorkahire is a line with very heavy gradients and with very heavy trafSo; but neither 
the expenditure on maintenance of way, nor tlie expenses of traction a train m&e, nor the proportion 
of the expenditure to receipts, differ much from tiiat on other lines on which the gradients are much 
mora favourable. 

But when the inclines are long and the traffic heavy there is no doubt that steep inclines have 
a very great influence on that part of the total cost of transport comprehended under the head of 
locomotive expenses ; and if a judgment is to be formed as to the desirability or not of permitting a 
heavy gradient, it must be by comparing the excess of cost of working due to the gradient with the 
saving in cost of construction, or in other ways which its adoption peimits. Desgranges has shown, 
in the Bulletin of the French Society of Civil Engineers, how great is the influence of the Soem- 
mering indUne on the cost of working the railway on which it occurs ; and similar results have been 
published in regard to the Giovi and Poretta inclines. 

Let us suppose an engine of the muTimnTw ordinary weight, say 48 tons. If all the wheels were 
coupled, and tne coefficient of adhesion were taken at 4, the adhesion would be in reund numbers 
1200 lbs. That the tractive force might be equivalent to this adhesion, supposing the cylinders 
18 in. diameter, 24-in. stroke, and the driving wheels 4 ft diameter, the mean effective steam-pressure 
would require to be 50 lbs. on the square inch. 

Taking the resistance of a train at 10 miles an hour at7 lbs. a ton,thatof the engine at 13*5 lbs., 
with 1 lb. extra for friction, this engine would draw on the level a tnin load of 1600 tons. On an 
indine of 1 in 100 the train load would have to be reduced to 875 tons ; on an incline of I in 40 it 
would have to be reduced to 187 tons, and on an indine of 1 in 27 it would only take np a load of 
81 tons. Lastiy^ on an incline of 1 in 10 nearly, the engine would only be able to take up its own 
we^ht 

Kow, practically s|)eaking, the cost of the engine power would be the same to the mile whether 
the engine were dragging behind 1600 tons on the level, or only taking its own weight up in 1 in 
10. It is obvious, therefore^ that on railways the ruling gradient has a great influence on the 
locomotive expenses. 

In the above instances the work of the engine was limited simply by the adhesion. Let us 
suppose, next, that in place of canying a maximum load the engine is required to work at a maxi- 
mum speed. In this case the work of the engine will be chiefly limited bv the evaporative power 
of the boiler, but the gradients will have an equallv striking influence. Suppose the same engine 
modifled so as to have a single pair of driving wheels, the weight on which is 15 tons and the 
adhesion 3750 lbs., and let the engine be capable of developing 400 horse-power and work at a 
minimum speed on the gradients of 40 miles an hour. The tractive force of the engine will be 

400 X 83000 X 60 

KOQ^ ■ .^ — = 8760 lbs. If the resistance of the train be taken at 20 lbs. and that of the 

02eU X 40 

engme at 20 lbs. also, then on the level (48 X 20) 4- (P X 20) = or < 3750, .% P = or < 140 tons. 

2240 
On an incline of 1 in 100 (48 x 20) + (P x 20)+ (P -h48) -j^ = or < 8750, .-. P = 40 tons; 

and on inclines greater than 1 in 37 the engine would be unaUo to maintain the speed with no train 
at all. 

At the present moment the problem with engineers is not so much how to construct lines with 
easy gradients as how locomotives can be constructed to work gradients of maximum steepness. 
The Accrington incline of 1 in 37, the Oldham incUne of 1 in 27, the Soemmering incline of 1 in 
40, the Indian GhAt incline of 1 in 37, the Giovi indine of 1 in 36 and 1 in 27, have now been 
worked for years with ordinary locomotives. The navigation indine of the Taff Vale Railway, 
originally constructed for rope traction, is now worked by locomotives, the maximum gradient being 
1 in 17*8, and the average 1 in 20 for half a mile. The engines which work this incline weigh, in 
working order, 36 tons, and they have six coupled 4-ft. wheels, 16-in. cylinders, 24-in. stroke, and 
work with a boiler pressure of 130 lbs. The maximum load they will take up the indine is 45 tons, 
and the regulation load 25 tons. The Mauritius Bailway has gradients varying from 1 in 60 to 1 
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It fs not, howcvor, usual to brake the engine wheels except in cnicrgi^ncios, becnu^ tlio 
action of the brakes lias been found to heat and loosen the wheel tires. Now, for goods tniin^ witli 

a 48-ton engine and 80 tons train, the coefficient of resistance would be reduced to -^ x -x„ = ^ • 

In that case, with all the train wheels braked, the distance required to arrest the train on an 

incline of 1 in 27 would be increased to ^^'^^foi'^ovj^ ^^^ ^ During less than two 

years* working, trains have got beyond control on the Mauritius Railway tse times, athiining once 
an ayerage spectd over four miles of 45 miles an hour, but in othir instances terrible accidents have 
occurred fh)m this cause. 

Betistance of Curves. — Curves increase the resistance also in a degree not very well known. 
Bankine founa the additional resistance due to curves, for light passenger-carriages, with truly 
cvlindricul wheels to be in lbs. a ton, 1*4-4- radius of curve in miles. But he points out that if 
the wheels are not truly cylindrical, but somewhat coned, as is more common, the resistance on 
the level line will be increased, and that on the curves diminished, so that the difference between 
the resistance on the level and on curves will be less felt. 

Experiments in America by Latrobe give for the resistance on curves in lbs. a ton, 0*578 -+- radius 
in miles. 

MM. Yuillomin, Guebhaid, and Dieudonnd found no sensible increase of resistance with 
passenger trains at low speeds on curves of more than 75 chains radius. At 35 miles on a curve 
of 75 chains the resistance of a passenger train was increased by 5 per cent., or the resii>tance due 
to the curve was 0*8 -i- radius in miles. For goods trains, the additional resistance at 16 miles on 
curves of 50 and 40 chains was about 1 *5 -i- radius in miles, 'i'he passenger trains consisted of 
twelve carriages, and the goods trains of forty wagons. The increase of length of train appears to 
increase the frictional resistance on curves by rendering the line of traction oblique. 

Assuming, as sufficiently accurate for the purpose, that the resistance from curvature is inversely 
as the radius, it follows that there is the same resistance experienced in running 1 mile of a curve 
of 2 degrees as in niDulng 2 miles of a curve of 1 degree. In both cases the number of degrees 
of deflection is the same. The total resistance is proportional to the whole number of degrees 
traversed, and is independent of the radius or length of the curve theoretically considered. 

The average of numerous experiments would seem to show that the resistance upon a 10-dcgree 
onrve, or a curve of 574 ft. radius, at a speed of 20 miles an hour, is double that upon a straight line. 

In traversing therefore a lO-a^^ree curve, a mile long, we ^ould consume an amount of power 
sufficient to haid a train 2 miles upon a straight line, ^nie length of a 10-degree curve is, however, 
only 574 x 2 x 3* 1416, or 3606 ft ; and this, being a whole circle, contains 360^. The proportionate 
number of degrees in a mile, or 5280 ft., is 527 ; which is thus the nmnbcT of degrees, whatever the 
radius, consuming an amount of power which would haul a train 1 mile on a straight and level 
road at 20 miles an hour ; and this is therefore the equating number for comparing the curvature 
upon different lines, just as 24 ft. was the equating number for the comparison of gradients at the 
same speed. But, as in the case of grades, a double expenditure of power does not involve a double 
cost. We, however, increase the cost of operation more in doubhng the resistance by curvature 
than we do in doubling it by gradients, since the effect of curvature upon the wear and tear of the 
engineti, cars, and truck, is greater than that of gradients. Taking the operation of the 1500 miles of 
railway in Massachusetts as a basis, and adding, for a double expenditure of power, demanded by 
curves, 25 per cent, to the cost of repairs of the roadway, engines, and cars, and 100 per cent, to the 
cost of fuel, we shall increase the whole expense of operating and maintaining the road by about 25 

Ser cent. If therefore a mile of road containing 527 degrees of curvature demands the exertion of 
ouble the power required upon an equal len^h of straight line, and if the exertion of a double 
power involves 25 per cent, more expense, the nmnber of degrees consuming an amount of money 

sufficient to openite and maintain 1 mile of road will be -^jr of 527f or 2108 degrees ; which is thus 

Ao 

the equating number for curvature at a speed of 20 miles an hour. This number, however, being 

based upon a double resistance, will vary according to the actual resistance upon a straight line, 

and thus according to the speed, as shown in the following Table, where column 3 gives the radius 

of the curve upon which the resistance is double that upon a straight lino, these radii being made 

inversely to tlie resistances in colmnn 2. The number of degrees of deflection in column 4 is 

found by the proportion, rad. (col. 3) x 3*1416 x 2 to 5280 as 360^ to No. in col. 4; and the 

100 
numbers in column 5 are -^ of those in column 4, and may be used as the equating numbers for 

curvature. 

Table II. 



I 



Speed in 
miles an hoar. 



15 
20 
25 
30 
40 
50 



Boeifltanoe in 
lbs. a ton. 



9*3 
10-3 
11-7 
13*3 
17-4 
22*6 



RadlnBof 

Carve of 

IXmble 

Resibtanoe. 

636 
574 
506 
444 
340 
261 



CorrespoodlDg 

No. of Degrees 

in a Mile. 



476 
527 
598 
682 
890 
1159 



EqnatlDR No. 
in Degrees. 



1904 
2108 
2392 
2728 
3560 
4636 
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Tnamnnch as the expense of operation is more increased b j sharp than by easy cnrvatnre, jnst as 
it is more increased by steep than by light gradients, we should vary the equating number, in any 
comparison of sorreyed lines, as we Tailed the equating: number for gradients in the example upon a 
ineoeding page. It is, however, impossible to say, with any exactneaa, what this variation should 
oe, sinoe we have no means of knowing what eifect the sharpening of the curvature has upon the 
working expenses. The general effect is, of course, to make the equating number smaller for sharp 
corves, and larger for corves of large radios. Suppose we have survey^ two lines, the first being 
100 miles long, and having 4216 d^;rees of corvature, and the second being 98 miles long, and 
having 8432 degrees of ourvatore. At a speed of 20 miles an hour, the equating number is 2108 

4216 8431^ 

degrees, and the equating distances 100 + stHq^ ^^ ^^ miles; and 98 + 077^ > or 102 miles. 

If we assume the cost of operation to be as the equated length, we may compare any number of 
routes, by adding in each case the cost of construction to the operating expense of the equated 
length, capitalized. From what has been said, it may be seen how important it is to guard against 
the introduction of gradients and corves without carefully considering tneir cost. We have regarded 
gradients and corves only as demanding a greater locomotive power, and as causing an increased wear 
and tear of track and machinery. 

When, however, a road is liable to be worked up to its full capacity by gradients or curves it becomes 
a modi more serious matter. The capacity of a road being limited by the number and weight of 
trains that can be run over it, if by increasing the resistance by gradients or corves, the trains are 
redooed in weight one-half, the capacity of the road is reduced by the same amount, and the cost of 
transportation is doubled. 

In estimating the amoont to be spent in redocing gradients or curves, we are of course to regard 
the effect of these elements upon the cost of operation in the same manner as above stated in the 
case of simple distance ; but tne interest upon the cost of construction which applies to dlBtance, 
does not apply to gradients or corves. Thus, while a certain number of feet of ascent, or of degrees 
of corvatore, may be regarded as equivalent to a mile of distance, in the matter of operation, they 
aie less objectionable by the amoont of interest upon the cost of buildiog a mile of road. 

Cott of Transport our any given Line. — Having decided upon the line of railway to be adopted, it 
will be useful to make a tolerably aocorate estimate of the cost of the carriage over it, after having 
ascertained the necessary data. The cost will be nearly constant to the train mile, and its amount 
a ton of paying load will depend, first, on the gross load which the engine will draw, and, secondly, 
Ofn the ratio between the pa3ring and the non-paying load. Put W for the gross weight of the train 
in tons, exclusive of engine and tender, which the engine will draw. Let B = the resistance of 
the train in lbs. a ton, W| = the weight in tons of the engine and tender, B, = the resistance 
of the engine and tender as vehicles in lbs. a ton, Y = the velocity of the train in miles an hour, 
K = the number of effective horse-power which the engine can develop exclusive of the friction 
of the machinery, W, = the adhesion weight of the engine in tons, and F = the coefficient of 
adhesion. The effort in running will beWxB + WiXB, in lbs. The work a second 
expended by the engine is 1 *4t (W B + W| B|) V in foot lbs. In order that the engine may move 
the tram, the power must not be less than the latter quantity, and the adhesion not less than the 
farmer, so that to fulfil these conditions we have 1*47 (WB + W, B,) Y = or < N x 550, and 
also WB + W, B| = or < 2240 X F x W,. If the line, instead of being level has a ruling 
gradient equal to O, then the above equations become 1*47 I WB + WiB^rt 2240(W + W,)G } = 
or < 550 N and (W B + Wi BO i 2240 (W + W,) G = or < 2240 F \V,. In finding the value 
. of B an approximate value for the gross weight of the train must be assumed, the weight of the 
train must then be calculated, and if the latter result does not agree with me former, the new 
weight must be used in finding B, and a second approximation obtained. 

Experiments have proved that for very low speeds the resistance of a train of carriages or 
wagons is simply proportional to its weight onder given conditions, but that at higher speeds it 
increases rapidly. For slow speeds the value of B is about 7 lbs. a ton. Making W as before the 
gross weight of the train in tons, B the resistance in pounds a ton, and Y the velocity in miles an 
hoar, we have the following values for B according to the conditions of each particular case. 

1st. For goods trains at 8 to 20 miles an hour, 

B = 3-64 + '177 Y (for axles lubricated with oU), 
B = 508 + '177 Y (for axles greased). 

2nd. For passenger and mixed trains, at speeds of 20 to 30 mUes an hour, 

•283 Y* 



B = 4+-283Y + 
3rd. For passenger trains at 30 to 40 miles an hour, 

B = 4+-283Y + 
4th. For express trains at 40 to 50 miles an hour, 

B = 4+ -495 Y + 



W 

'187 Y' 
W 

•126 Y« 



W 

The resistance of the engines and their tenders, considered as vehicles, is greater than that of 
the train. The experiment on the friction of engines when drawn along the line by another 
engine, are lees complete than those on the friction of carriages and wagons, but it appears that the 
ieaistuiMt>f goods engines and tenders is about 2) times as moch a ton as that of the train; and 

8 K 
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the resifltanoo of engines with one pair of dri?ing wheela is about 1^ times that of the train, a 
speeds not exceeding 30 miles an hour. 

Within this limit the following formulsB giye the resistance of engines, considered as carriages, 
that is, Independently of the friction of the working parts when under steam. 

Goods engine R, = 9- 1 + -442 V, 
Mixed engine R, = 5S + 265 V, 
Express engine R, = 4-55 + '221 V. 

At higher speeds the resistance of the engines, considered as vehicles, probably becomes 
sensibly equal to that of the train. If, instea<l of being drawn by another engine, as a vehicle, the 
engine has itself to draw the train, then the friction of its working parts increases, and a further 
addition is made to tlie resistance. Yuillumin, Guebhard, and Dieudonne have found, by calcu- 
lating the actual engine power in one instance, that about 15 per cent, of the whole power of the 
engine was expended in the transport and friction of the engine itself, so that tlie tractive force on 
the draw-bar was 0*85 only of that calculated from the steam pressure. A common allowance for 
the extra friction of the working parts of the engine, when running with the loa<i on, is 1 lb. a ton 
of the engine weight. 

Thus far the resistance on the level has been considered ; if, instead of being level, the line has 
a gradient, then the action of gravity increases the resistance, if the train is ascending, and 

1 

diminishes it if descending. If the gradient is 1 in — so that $ is the sine of the angle of inclina- 

u 

tion, and R is the resistance on the level, then the resistance to ascending the gradient is in lbs. 

a ton R -h 2240 0, and in descending R - 2240 0, 

An approximate formula by Clarke for train resistances is convenient for calculation. If R| = 

the resistance of engine, tender, and train in lbs. a ton of gross weight, tlien 

_, V« + 1368 _ ^ V» 
^»= 171 =^ + 171- 

Similarly, if R, = the resistance of the train alone in lbs. a ton, 

P V» + 1440 V« . 
^= 240 =240 + ^- 

These formubB do not take into account the friction of the machinery. The resistance due to the 
friction of the working parts of the engine with the load, together with tliat of the engine and 
tender considered as vehicles, is given by Clarke as in lbs. a ton weight of engine ana tender. 
Calling this resistance R,, we have the equation 

V' ^\ . /V , „\W-|-W, 



"-(aXo + O+Celo+O 



w 



In this equation the first quantity I r^r: + 6 j is the resistance of the engine and tender as vehicles, 

/ V* \ w -^ w 

while the second quantity I — — -f- 2 i — ^ — ^ represents the resistance due to the friction of the 

\(>00 / w 

machinery. 

Estimate. — ^As the object is to reduce the cost of the line to a minimum, the gradients should be 
laid out so as to balance the respective quantities in the cuttings and embankments. Moreover, in 
laying down the gradients, attention must be paid to all details which may affect the cost of the work, 
such as the heights of floods, and the sections of the roads which have to be crossed either by an 
under or over bridge. At points where it is proposed to place stations, the gradients for a length 
of 7 or 800 ft. must be flat, if it is not possible to introduce a horizontal piece of that length. In 
determining when tunnels are to be made, regard must be had to the means of running out the 
material supposing an open cutting were to be substituted. The simplest case is that in which a 
tunnel is made instead of a cutting which would be run to spoil, and the height at which it 
becomes cheaper to substitute the tunnel may be thus found. 

Let H = the height in feet, B the base of the cutting, R the ratio of the slopes, P the price 
of tlie cutting a cube yard, and P^ the price of the tunnel a yard run. The price of the cutting 

a yard run will be given by the equation P (B H -f R U'), which by the question must bo 

9 ^ pi 
equal to P*, so we have H (B + R H) = — :p— . Solving the quadratic we Anally obtain 

• q ^ pi ■D2 |> 

H = V — — — . -f _—. — . Instead of the cutting being run to spoil, if it should be wanted 
r^ X iC 4 a' Za 

to make up an embankment, the cost of the side cutting thus required must be charged against the 
tunnel in the estimate of its cost. The principal items in the estimate of a line of railway, not 
including the locomotives and rolling stock, are as follows ; — Excavation, soiling and sowing slopes, 
fencing, road metalling and pitching, ballast, boxing, public and farm road level crossings, bridges, 
tunnels, diversion of streams and roads, culverts and drainage, laying the permanent way, main- 
tenance of way. It will generally be found cheaper to divert roads and streams instead of building 
bridges either under or over them. In the latter case the interests of mill-owners and riparian 
manufacturers must be taken into consideration. 

Staking and Setting Out the Line and Works. — ^The chain used is generally either the 66-ft. or 
100-ft. chain. The latter possesses many advantages over the former, eq>ecially in the convenience 
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calculation, or by driving the stakes closer to one another, say 50 instead of 100 ft. ; this, however, 
IB not required except in very e^arp curves. By the method of ofisets the point p, is obtained by 
chaining the distance &d= 100 fi, and laying off at right angles the calculated offset d /), ; 
similarly the point p, is obtained by chaining />, d^, and setting oud^^ p^ and so on. By the other 
method, suppose the theodolite planted at S, the angle I S p, is laid o£r= angle for one chain, and 
the chain stretched from the point S ; where it intersects the line of direction given by the instru- 
ment will be the required point p, ; the point p, is obtained by setting off the angle I S p, = 
twice the former angle, and intersecting the line of direction by the chain, one end being firmly 
held at the last obtained point p, ; and so on until the nature of the ground renders it necessanr 
to remove the instrument to one of the stakes whose position has been previously determined, 
when the same process is resumed and continued to the end of the curve. 

It is evident that by the former method the position of any point in the curve depends absolutely 
and entirely on the position of the preceding ones ; this, however, is not the case when the theodo- 
lite is used ; for, take the point p, for instance, the line of direction of this point is given by the 
angle I S p, and is totally independent of the position of the point p, ; and it should be observed 
that the lines of direction are obtained with a precision which the modt practised and dexterous 
manipulation of the chain and ofiset-staff can never attain. 

It is true, notwithstanding this, that any error in the chaining would certainly produce an error 
in the position of the point p,; but, in our present comparison, it is equally just to assume the 
errors incidental to chaining as common to both methods, or, what amounts to the same, to consider 
the chaining accurately performed. We then have the accuracy of laying off the offsets balanced 
against the accuracy of the theodolite. The difficulty of performing the former correctly increases 
with the length of the offsets employed ; or supposing the measured distances constant, inversely as 
. the radius ; the reverse happens with ttie theodolite, for, as the angles to be laid off are thus 
increased, the lines of direction are all the more likely to be accurate. Progressive errors are 
common to both these methods, but the points P and S, act as certain and reliable checks in the 
latter, respecting both distance and direction ; these checks are wanting in the former method, and 
in fact all that can be done is to lay out the curve as accurately as possible, and take the chance of 
it coming in at the point Sj, which chance, especiallv if the curve be a long one, is very small 
indeed, as may be imagined, when the inventor admits that in many cases " the curve has to be 
frequently retraced several times before it can be got right" 

There are certain exceptional ciises, however, in which this method, on account of its requiring 
80 few preliminary calculations and lines on the ground, is valuable ; as, for instance, where any 
intermediate stakes in a curve have been lost or de^royed, as frequently occurs during the progress 
of the works of a line. By simply producing the chords joining anv two stakes, and laying off the 
correct distances and of&ets, the missing stakes can be restored with ease and facility ; also in road 
approaches, road diversions, and all similar instances where the curve is short and great accu- 
racy not required, this common method will be found very usefuL In order to obviate the pro- 
gressive errors arising from using such short distances as one chain, greater lengths may be te^en 
and the propor offiaets measured from them ; but, as Che regular stakes would have to be put in 
afterwards, this modification of the preceding method, besides being liable to the same errors, 
involves the absolute necessity of putting in the curve twice at least 

The right-hand portion of Fig. 6441 serves to show the demonstration of this; the errors due to 
progression being reduced by calculatiog the distance S, E, so that the measured offset Ep, may 
serve as a check on the point p„ one of the regular stakes to be afterwards filled in. It may he 
urged as an objection to the method by angles, tliat a great deal of inconvenience and delay is 
incurred in chaining the tangents I S and I Sj, Fig. 6441, in order to obtain the accurate position 
of the springings of the curve S and Sj ; these points, however, may be accurately found in another 
manner whenever the middle point P in the curve is previously determined ; for let the instrument 
be set up over P, and the angles IPS and IPS, laid off, each being equal to 90° plus half the 
angle in the whole curve, which give us the lines of direction P S and P S„ and all that remains 
is to produce them until thty intersect the two straight portions of the line in S and 8, ; the nature 
of the ground will be the best guide respecting which of these means should be employed for the 
above purpose. 

Another example of the methods by offsets is shown in the diagram. Fig. 6442, in which S P S, 
is the curve, and the remainder of the figuro is self-explanatory. Taking the left-hand portion of the 
diagram first, it will be seen that the distances are measured along the tangent line S,, and the 
oflbets measured perpendicularly, which, it ia manifest, in long curves of small radius, would assume 
such lengthened proportions as to render it impossible to lay tJbem off accurately. As a rule, to 
ensuro the proper degree of accuracy in the points of the curve in the example m Fig. 6442, the 
length of the curve should not exceed one-fourth of its radius, so that this method becomes inappli- 
cable to curves possessing radii of lengths greater than from one-eighth to one-quarter of a mile, wmch 
last is even a very short curve. This example has an advantage over the first described. Fig. 6441, 
inasmuch as the progressive errors cannot go beyond half the curve, for the offsets for the remaining 
half are obtained from an independent datum, namely, the other tangent line S, I ; the liability to error 
is also further lessened in consequence of the direction of the lines along which the distances are 
measured remaining constant instead of requiring to be changed for every offset, as in the example 
given before. This advantage is partially lost in long and sharp curves, when, in order to keep the 
lengths of the offsets within proper limits, it becomes necessary to run two or more tangent lines as 
base lines to ineasure the offitets from, as shown on the right-hand portion of Fig. 6442 ; in fact^ it 
amounts to this, that in order to reduce the chances of error in one direction we are compelled to 
incur the chances of making them in another. In the place of measuring the of&ets perpendicularly 
to the tangents, they may be set off in the radial direction whenever the centre of the curve is visible 
from the necessary portions of its ciroumference ; but this is a case which very rarely occurs in 
practice. When the curve is short and tibue radius large, these two methods approximate very closely 
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to one another, for the differenoe between the ofiEaets measured perpendicularly and thoae measured 
radially to the tangents becomes very small. 




6443. 




There is another example of laying out curves by the method of angles which is worthy of 
notice, though, in reality, a modification of the method mentioned above ; the same principles and 
preliminary calculations are available, but the position of the points is determined by the inter- 
section of two lines of direction given by two theodolites working at the same time, the intermediate 
chaining being dispensed with. The diagrani, Fig. 6443, will serve to render this clear. Let S P St 
be the curve, and we will take a case in whicli, as often happens, the springings, though not visible 
to one another, can be seen from P, the middle point of the curve. Suppose it is required to put in 
the stake p^ ; let one theodolite be set up at S, and the other at P ; by the former let the angle 
I S;>, be laid off, and the line of direction S/>, obtained. The line P/>, is similarly obtained by the 
latter instrument, and the point of their intersection is the position of the stake p.. Tiiis method 
has the advantage of all others in being perfectly independent of the irregularities of the ground, but 
is veiy seldom used as it requires the services of two encrineers, and one is generally considered 
sufiSoient for the staking out of each allotted portion of a line of railway ; moreover, unless a skilful 
assistant were employea capable of comprehending the method, in lieu of an ordinary chain-man, too 
much time would oe wasted in shifting about, before the point of intersection of the lines of direc- 
tion of the two instruments conld be determined. It is clear, however, that in certain cases where it 
was required to obtain the position of a stake which could not be chained to, in the ordinary manner, 
it might be well worth the time of the engineer to first range the line of direction by laying off the' 
proper angle for that stake, and then shift his instrument to some other previously determined 
point in the curve, and lay off another line of direction, their intersection giving the required point. 
For instance, let it be necessarv to put in the stake />« in the right-hand portion of Fig. 6448, which 
oomes on the bank of a river through a part of which the line goes ; suppose the instrument set up 
at P and the line of direction P/7« ranged, then removed to the point S| and BiPt obtained, and 
the position of />« is determined. 

Most of the formuliB and calculations required for the different methods described are to be 

found in text-books on the subject ; but the following general formula for the method of angles will 

be found useful from its great simplicity and facility of calculation. Let a = any length of arc, 

a X 28*648 

r the radius of the curve, and B the required angle for that length of arc ; then 6 = * 

r 

being the angle between the chord and tangent of the arc, and tlius obtained in degrees and 

dedmals. Putting a = 100 ft., we have in round numbers = — — . lu order to apply 

radius of curve 

this formula to a practical example, the following proof is adduced ; — 

In Fig. 6444, let the arc A B G be portion of a railway curve which it is required to lay off by 

BanJdne's method; that is, by means of the angle 

contained between its chord and tangent. Let A I = 

the tangent we use in this case, and A C = chord of 

arc : a = length of arc ABC, B = radius of curve, 

and 9 = angle required. We have the following pro- -w 

xB 
portion ; eP I 45° Hal -5- , x = ratio of circle to dia- 

meter = 3*1416, from which we obtain 

IT A K 

This equation gives the value of 9 in degrees and decimals for any length of arc, thus being of 
service in the finding of the angle for what is known as the odd distances. 

Supposing 9 to be known, as it always is for the whole curve, by transposing the equation we 

find the followiug value for the length of the nrc; a = ^---^-r^) beariug in mind that in both theso 

2B»64o 
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equations a and K mnst be in the same terms. By means of these two equations we obtain very 

important data for laying out curves by this method, without requiring the use of tables of 

logarithms or natural sines, very valuable, but, to say the least, very troublesome aids to calculation 

in the field. If in the formula we put a = 1 chain, and multiply the right-hand side of the 

17VJ 
equation by 60, we obtain for B the following value in minutes and decimals ; = —^ . This 

will be found a very convenient and useful formula to use in the field, when text-books and tables 
of logarithms are not always at hand. 

^Wng Out the Side Widths, — An ordinary method of setting out the side widths on the ground is 
b^ a tentative process of combino.l levclliD^ and calculation, which is nothing better than a mere 
rule of thumb. A table should be made out from the cross-sections of the line, which are taken as 
often as the character of the ground requires, and the distances set out at right angles to the centre 
lines. When the land is level, the side widths are readily obtained by adding to the height of the 
cutting or embankment, multiplied by the ratio of the slopes, a constant, which depends on the 
width of the formation level and the description of fence put up. When the land is sloping trans- 
versely to tlie direction of the line, the side widths must be taken from the cross-sections, and 
measured horizontally on each side of the centre. The side widUis are always laid off at every 
stake along the line, and where the ground is very rough, at intermediate distances also. 

Setting Out Culverts, — ^The length of a culvert which passes under an embankment is less than the 
distance between the bottom of the opposite side slopes, and may be thus found. Put L for the length 
of the culvert in feet, H for its height in feet. Hi for the height of the embankment, B for the breadth 
of the embankment at top, and B for the ratio of the slopes; then L = (B + 2BH)) — 2BH. 
When the natural surface of the ground is horizontal, the length of any structure passing under an 
embankment will lie half on each side of the centre line. When the natural surface is inclined, 
the endd of the structure will be at different dis- 
tances from the centre line, according to the slopis 
of the ground. This is seen in Figs. 6^5, 6446, 
the first of which represents the section, and tlte 
■eoond the plan, of an embankment The lines 
8 S and O O, representing the ends of a culvert 
passing beneath the embankment, are seen to be 
at different distances from the centre line. The 
position of the points 8 and O may be found by j 
first getting fh>m tlie tables of side widths the ! 
points A and D, and measuring in from these 
points the dibtauoes A 8 and D O, depending upon 
the slopes A B and AD. In the case of the upper A 
end, the distance of 8 8 from A will be less than 
if the natural surface was level ; at the lower end, 
the distance from D to O will be g^reater. Having 
foimd the distances of 8 8 and O O from the centre 
line, we get tlie position and length of the wing 
walls of the culvert by drawing a line from 8 to 
any desired angle to intersect the slope A A ; and 
upon the lower side of the embankment we get, in 
the same manner, the lines O D, O D, the latter 
being, of course, longer than the wings upon the 
upper side A 8, A 8. 

Setting Out Bridge-icork, — In laying out the abutments for bridges, there are numerous cases to be 
considered ; as, whether the bridge is on the square or on the skew, upon a level or a gradient, upon 
a curve or a straight line, and whether the natural surface is horizontal or inclined. The position 
and form of abutments and wing walls depend so much upon the various conditions affecting each 
particular case, that any attempt to lay down general rules for such work would be of little use. 

In a curving viaduct consisting of a series of arches which exert a thrust upon the masonry, the 
piers should be made radial to the centre line of the curve, and the springing lines should be made 
parallel to the axes of the arches. 

Calculation of Acreage,— The acreages to be calculated are always small, seldom exceeding a couple 
of acres, excepting in the case of considerable demolition of property. It will be found that the 
calculations can be made in feet as readily as if the divisions on Uie scale represented links. But 
should it be preferred to calculate in links, the operation can be effected by having a corresponding 
scale made to measure with. Thus, if the plan is plotted to a scale of 200 ft. to 1 in., a scale divided 
with 30 '303 divisions to the inch will enable the measurements in links to be taken off. When all 
the measurements are made in feet, the advantages of the 100-ft. chain are so evident ns to com- 
pletely outweigh any slight convenience wliich may result from having the plan plotted to links. 
The acreage is usually taken out in statute measure^ and is so marked on the plan and sometimes 
in plantation measure also. 

Setting Out Tunnels,— The maintaining of a correct centre line for a tunnel is a very imjwrtant 
operation, and one requiring the greatest care. The fixing of the line at the bottom of shafts 
demands every precaution, owing to the short distance between the only points that can be trans- 
ferred from the surface to the bottom. The centre line of the road is first run over the ground to 
be tunnelled, fixing exactly the position of the shafts. To transfer this line from the surface to tlie 
bottom when the shafts are completed, let two posts be sunk into the ground a few feet apart, one 
being on each side of the centre line, at a short distance from the opening, so as to be unc^sturbed 
by the progress of the work. Upon the opposite side of the shaft let two more poots be fixed in the 
same manner. Place a stout crues-bar in a horizontal position upon each pair of posts, and upon the 
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In addition to the vldtb neceMUj for ballaat, then ta ordlnBrilj left on eaoh dde of tha tiallaflt 
» tiorizoutal bench, which inoreBseB the total width required on earthworkt by 2 or 9 fL in cnltiDga, 
and 4 or S ft. on embanbQents. In cnttinKSt a further width 
is reqnired for side drains, which may be 1 ft. or 18 in. wide 
at bottom, with slope of 1 to 1. 

It iM adTimble to form a uuall bench between the dram 
and thu fuco of the cutting, to catch falling clebria and pre- 
vent its clogc^ng the diteh. But, on the otlier hand, if the 
cutting is a deep one and it is denrable to eoonomize Islmur 
In onttiDfl; or land, the width at formation level may be 
reduced bj bnildiug a dwarf wall as in Fig. 6448, which 
aupports the ballast ou oue side and the toe of the slope on 
the other. 

OoN-wctum of Hi Liai, — Composed as earthworks gene 
ndlj are, of comporatirel; impermeable ""'*'"^»l"| their 
snr&ce is altogether unsuitable for the direct support of the 
permanent way. To bed the eleepera properly there muat be 
provided a material of great friotlonal stabilitTi of oonrider 
able hardness and oompresmve strength, eenly permeable by 
water, and capable of resisting dlsint^mtloii, either by water 
ca frosL For this purpose a layer of broken stone, or gravel 
is most suitable, or, if nothing better Is obtainable, a layer of olean sand or bomt bnch clay. The fbrm 
|{iven to this laver of ballast Tories in dif^ent ciraumstaaoes. Generally, in England and France, 
it is simply laid on the aurbee of the earthworks, which have been dressed to a oonves surhce t^ 
throw offtJie water, and a bench is left on aicb side, Fig. 6449. Sometimes, on German lines, the 
ballast covers the entire width of embankments at formation level, Fig. 6450. More generally, on 
Swiss and German lines, the ballast is economized by being Igtd in a trench. Fig. 6451. As ballast 
Is often an eipensive item in the cost of onnstmction of a line, the economy iu this respect is 
important. This last method of laving the line also permits some reiluetion of the tola! width of the 
line at formation level. But, on the other hand, the cross-drains require to be nameroos, say about 
9 to 12 ft, apart, and it it doabtfnl whether even la that case the drainage is quite as eSeotnal as on 
the T'^giiif^ system. 





The ballast is lud Jn two layers ; the lower layer, on which the stability of the superBtroctura 
depends, should have a thiekneee of 9 to 12 In. for broken stone or giavel, if on a tolerablv 
permeable substrntuin, and of 12 to 18 in. if the sabstrntum is humid. If the ballast is sand, 



of 18 in. to 24' in. will he reqairod for the lower lavor. The upper layer of the ballast, or 
iog, used for packing ronud the sleepers should have a tniofcnesa of 6 to 9 in., and its quality i* 
of quite so great importance as tliat of the lower Ib^tb''. 



The croaa-seotion in Fig. 6451 is used in Russia with sand ballast, and in Switzerland with 
broken stone ballast. The quantity of ballsat required, after deducting space oompied bj eleepen^ 
is about 65 cub. ft. a yard for the croe^section. Fig. 6449, and 41 cub. ft. a yard for that showu in 
Pig. 6451. 

The older method of prosecuting cuttings was to work forwards on the whole faoe of the cutting, 
which was profiled to the required slopes as it proceeded. Tlds method is. however, too slow for 
extensive railway cuttings, and the plan generully adopted is to run a gullet, or verticalniided 
trench, through the outUog by working at the face, and then to work sideways from the gullet, 
widening the trench in anooessive beoebes. The benches are about 8 ft. apart vertically. 

Embankments are executed in two ways, either by spreading over the whole area of the 
embankment successive horizontal layers, or by raising the embankment at onoe to the required 
height at one end, and carrying it forwards by tipping material over the advancing eitremif 
When Donstruoted in thin horiiKnitBl lajen the mat^al is oonsoUdated as the wwk 



eitremihr. 
k piooeeda. 
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if the msteriol ii ■eonred than by the other nieth(>d, uid bonoe, tbia mode of oon- 

•tmotioii ii invarikblj adopted for reaervoir embuibaents. This method, howerer, i* too bIov 
uid too ooetly to be generall; nied on railways, except for fllliag in behind ntaining wiJIb and 
abntowDta. 

When an embiLnkiiunit is carried forward from ono end, the earth may be tipped direotly over 
tlie end so as to bit in a Beries of tliin layers all incliood at the angle of repoee ; or a bridge of 
discbarse may be formed at the had of the embankment from which the earth wagoos deposit the 
ml, *Da which is nnied forwatil from time to time as the snoceesive layera reach the height of the 
embankment. By tiiia latter method greater solidity in the bank is secured, and the ultimate settle- 
ment Is lesK. But it is only eoonomioally applicable to toit Luge embankmeol^ and is lese often 
used tbAQ the simpler method. OccasioneJly embeokmenta have been rained to only half their foil 
bdght at first, and when this portion has settled, a second portion bu been carried forwards over 
the flrsl, oompleting the bank. 

On jidelone ground, the seat of an embankment requires to be oarefuUy cut in steps, or 
bencheg; that the soil of the bonk may be bonded into that on which it rests, ftnd that water may 
wA peroolate between the old smfaoe and the earthwork raised on it, Fig. 6152. The destrocUou of 




Bmannt of settlement varies in different caaes, ftcm ^^ to | of the total height The oltinutta 
•ettlement of embwitmMits of gnvel or obaUc does not require more Uian two or three years, bat 
di^ embankments maj. In some cases, continue to shrink for ten years. 

It haa alreadr been pointed out that when the seat of a bank Is eompreaalblcL or of feeble 
stability, the bank eoostrooted upon it will not stand at its natorsJ angle of slope, however good 
the materials of which it is composed. When an engineer has to carry an embankment over marshy 
■■lofoon ■- -■'■-'- 



ground bis first object n: 
oraiDBge. For that pni, 
ntted. Sometimes be may hi 



Bolidate the foandation of his bank, aa much as possible, by 

' ,ms. parallel to the axis of the line, may be first exoa- 

'a the oomprsBsible foundation and replace it by better 



materiala. At others, he may consolidate it by fosoines, or by pil^s. Bometimes he may u 
wnhankment vetj light materials, as, for instance, was done at Chat Haas, where, after fiint coveting 
the yiddibg surface with bDrdles, the bank was fnmed of dry peat. Again, Urge open pits may be 




tf Ihrway , In this case the sabsoil has first been dried by large side druns 
Ite bank flr-tiea tmnka have been spiead lengthwise and crosswise, and ov 
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braiwhea of the flr trees, nnally, the embankmcot has been carried foiwsrd over tbe aoUBoIidated 
IbiniilatioD thni prepared. 

Neu importaiit works of conttmctioa the earthworks ahoiild be made with great core, and of the 
beat and moet peimenble materials. The backs of uchee dumM be well pnniMd with earlh, before 
earth ii tipped over them. 

Vbeo a oattiDg exceeds 40 ft. in depth, it is advinble to form a bench 6 ft. in width at aboat 
two^iids the height This reorives the surface water from the higher hmds, which maj be coa- 
Tered to the side drains at the bottom of the slopea br earthen pipes, wooden tnmks, or stone drains, 
Fig. 6458. 

To permit the flow of sorfaoe water the formation level should be dressed in slopes of I in 35, 
(torn the oentre line towards the sides. If this is not done the top of the bank it apt to beoome 
Mnoave, awl to retain the runfall in the ballast. 

Fig. 6452 shows an embankment on sidelong gronnd, constrncted of earth, of doubtM stabilitj, 
the toe of wbioh is formed of looie broken alone m a seonrity oeainst slipping. 

Oattings ate aometimet 100 ft. deep, and embankments rii» occasionnllj to an almost equal 



eleration. The Tring onttlng of the London and Birmingham RaUwa; STetagee 10, and is at pai 
80 ft. deep. The New Cross cutting of the South-Eastom Railway is, at parts, 75 and 80 ft. dee 
the Wynchborough cutting on the Edinburgh and Glaagow, thougli solid rook, varies from 25 






60 ft. in depth, nad is 4 milea in length. It is succeeded by sn etnbankment t} mile long and GO ft. 
high. The Olive Hannt cutting of the Liverpool and Manohester Railway is 2 milrsuing and nt 
parts lOOfLdeen; and on the Newcastle and Carlisle tliere is a cutting 110 ft, indvpth; but when 
the depth exceeds 60 ft. it is generally more economical to tunnel. 

Drmtagi of Cuttings, — In all cases it is desi- 
rable to ostablish at the top of the slope of a 
catting, on the sidu towards which the surface 
waters flow, a drain with an alternate rise and 
fnll of abont 1 in 100, commnnicating at Its 
lowest points, bj means of open drains, or earthen 
pipes, with the side drains at the bottom el the 
cutting, Fig. G454 ; and care mnst be taken to 
prevent, by pnddling or otherwise, the infiltra- 
tion of the water &om the drain at the top of ,; 
the slope, into the soil forming tlio side of the 
ontting. 

Figs. 6455, 6456, show another method of 






effecting the protection of the s'opes from the flow of surfuce 
water. A water-cnursa U formed at the top of the slopes, and 
from this open drains, formed of pUnks bedded in hydranlic 
mortar, oondnct tho surface waters to the side drains at the foot 
of the etopes. The wooden trunks are simply nailed together 



When a cutting is opened tliroagli day or other soil liable to become slippery when wet, it is 
especially nocesBury to protect tiie snrrace of the slopes from cracking nnder the drying iuQuenoe of 
the sun and wind, and then reoeiving throngh the son-cracks ma&ae water, whiob oostcoys their 
stability. For this purpose they must be covered with a coating more permeable and more stable 
tbun themsolves, and suitable for vegetation. This coaling may be 10 or 12 in. thick, and in order 
that it may be bonded into the slopes, they should be cut in benches of about 6 in. deep, with au 
inclination longitudinally of abont 1 m 7. Tho coating should be epread in layers and well 
rammed, Figs. C457, 6158. 

The foot of the slope wetted by the waters of tlie side drtdni should, in this case, bo protected by 
dry stone pitching, or with a brick drain. Fig. 6459. 

The worst canes with which the enginevr has to deal are those in which the cutting intersects 
strata alternately permeable and impermeable ; where, for instutiae, a permeable layer is found 
between strata of clay ; and the danger in this case is increased if on either side toe strata dip 
towards the cutting. In such a cose there may be at times a coDsidotuble flow of water from the 
permwhle stretum, which if not drained off may destroy the stability of the mass. Or there may be 
Ifind springs at varions points, which if nndeteotad when the cutting is In course of constroction, 
can ou^ be discoTwed with great dUBonlty aftcrwanb, and remain a penuraent but hidden souroo 
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tlieanll at sunrise, or even toBprinkledrjsand oTerrtrfttamspeoUdof ooatainiiiK tprii]gt,the more 
icadil; to delMt tho biunidity. Fuitbei. wlion once apcinga luiTe been detected in any well-ouu-ked 
■tratom, it ma; be ooocluded that similar ipriu)^ miiy, in wet seaiKiaa, be found vhererer tbat 
Btratom is found. In those cases tlie object to be attsined ia to drain off as rapldl; aa possible the 
iTstera of the permeable atratiim, and preient their Qooitig over the surface of the slopes or filtering 
into the less permeiLble and more slippery strHta. When such a stratum has l>eea dlscoTeiod a 
longitudinal drain muitt be formed. Fig. 6458, along its line of ontorop, with rise and &11 alternately 
of 1 in 100. Tho bottom of the drain may be formed of bricks or Htont« set in cement, the drain 
ma; tben be filled wilb broken stone or cltau grerel, and ooveied with reversed turf^ Qaga, or tUea, 
to prevent the penetration of soil. A foot in widtli at the bottom of the drain will generally soffio^ 
the sides rising with alxitterof 1 in 7. TUe low poiiitsof this longitudinal dnuii must be csmnccttd 
by trBnsverse drains, Fig. 6459, with the side drains at the foot of tbo slopee. The slope may tlien 
m pnitected by a coaling of pi:rmeable soil, as already described. Bometimea it Is desirable to drain 



the slope to the aide drains. 

The drain-pipes should be bnricd to a modet&te depth, and the open cnttings in which they are 
laid may be fiUed with broken stone and covered with earth. 

Drjina^e of Em'xinhnenti.—To secure the permanent stability of embankments aimilar pie- 
raations must be taken to prevent tlio percoUtion of wuter, as in the case of cuttings. At the foot of 
the slope on Ihe higher side towards which tlie surface waters Sow, a water-course or drain should 
be constructed, to convey the water away fwm the seat of the bank, Figs. 6460, G461. In the con- 
stmctian of embankments the engineer will reject, if necessary, soil of bad quality obtained from 
cnttiogt, and supply its place by more stable material obtsincd by aide cutting. Bometimee, in 
spite oF precantions, the embankments slip during or after construction. ISuch slips may arise eiuer 
from the dedoient stability of the foundation on which the embankment is placed, or from the lue 
of defeotiTe muteriol iu Ihe construotiou of the bonk, or from the Qow of water over the tiliu. The 
|»t(miitiaiM to be taken on maraliy tuatsble ground ha>e already been mentioned. If, in spite <■{ 
preoaotions, ui embankment alipa daring oonstmetion, tho whole of the slipped earth must b« 
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r better nutailftli, oaieTblly ranmied fo 




FlK 6462 JB a sect on of part of the 
embaSunent of Ponrtteree repaired 
after a elip. The materiati of we dip 
were firrt removed and then nUld in 
horizontal latere. But in doing «o 
, dnina «ere fonned of fiuoineB filled 
erialBof the 
a fonned ia 



Dane Dimuai araina were lonnea m ^ ~^ r-t —''r ^MBM 

the disaster. At the embaakmeDt of 



Horoerf it was found neoeanry to oonilmct a longitudinal filter, or drain, of broken atone, but- 
ntmded by matting, to prevent the penetration of earth. In smne parts of the embankment two 
(^ these dnina were formed, commnnicstiiig with each other. The slipped part of the bank waa 
attached b; luoceudTe onttlngB, carried at right angles to Uie line as W as the position of the 
original foot of the slope ; then a trench weis opened parallel to the line of way, in which drain-pipes 
were placed, oovered by a filter of brolien stone, enclosed in matting. P^nallj, there was con- 
■tmcted at the foot of the slope a cavalier of good soO, built up in liorizontal layers, well rammed. 
Fig. 6461. When it is impossible to remove the slipped poruon of a bank which has given way, 
a new bank must be farmed over the slipped portion of iand or giavel, and cspeeial care must be 
taken that its drainage ia complete, and maintained in workiug order. If the drains should be 
iDJnred bv nbaeqnent settlement, new dtains should be at once firmed. 

If embankmente are liable io be wsahed by inundation waters or otherwise, it will be of tbs 
utmoet importance to constract them of materials the stability of which is little changed by 
humidity. Further, they Bhooli! be oarefuUy turf<^, and for some dietanoe above and below the 
level which the waten are likely to attain they shonld be protected from erosion b; a pitching of 
■toQe. Usually the beat protection from atmoepherio degradation of the slopes of cuttings and 
anbankments, is afforded by covering them with a layer of vegetable earth, to a depth of 6 or S in., 
and sowing them with grass, clover, or lucerne. When the elope ia wanting in stability, oouch- 
grass has sometimes been employed, the advantage being that its roots penetrate to a depth of 
2 or 3 ft. On friable soils of ehalk or sand, and especinlly on steep declivities, neither the sowing 
of herbaosons plants nor lorflng snooeeda, because of the snr&ce. Then recourse mnst be had to 
the sowing or planting out of ligneous pisjits, the roots of wliich penetrate more deeply, such plants 
being ohoeen as are fonnd to thrive on monntains. Of these, those principally em^oyed on tbe 
Oontinont are the jnniper, berberry, sea bnckthom, Kintfoln and lucerne, acacia, ash, willow, birch, 
uid maple. The conifers are prejudicial, from the blowing of their leaves upon the rails, caumng 
■lipping of the wheeU of the loconiotlveB. 

Calculating Conlmti of Cuttings and Embatilaiiait>.~-Vad«i the article Embankments will be fonnd 
wveral methods for effecting these calonlatione. There are numerous tables for facilitating them, by 
Bidder, UacneiLBashforth, Barlow, and other engineers. Fntting H and H, for the two heighte 
of the cutting, B for the ratio of the slopes, and L for the length, we have by the prismMdal 
rotmala For the oontente in onbio feet, C = L | "<^ + °i) + ^ (h» + H,' + H H jj . As 
ii nsnallr required in onbio yards, ud L fn Feet, we have 

There are two approximate methods of ascertaining the oontents of a prismoidal block. Tbe 
first is the method of mean heights, b; taking it as if tbe seotion in tbe middle were tlie average 
saotiou: and the second, or method of mean areas, by taking half the Bom of the end areas to be the 
average seotioD. The errors belonging to each of theae methods are seen at once, by compering the 



tent as given by it with the true quantity. The method of m 
B«+i' + |^r B}, and an error of(-.CH^)l. 
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8 = — 5 — X a ' * Multiplying out and rolucing wo obtain S = AxLx0'4, winch is a 

general fonnnia applicable to any height and distance. If we make L = 1 chain = 100 ft., (he 
nmnnla becomes very simple, for B = 40 A ; if L = the statute diain = 66 ft., S = 26*4 A. 

Another case which is more frequently met ivith, and 
the solution of which is of g^reater practical utility, is 6464. ^ 

when the heights at the two ends of the given length of _---<s^ 

the longitudinal section are unequal, as is represented in 
Fig. 6464; A and h' are the two heights, and the re- 
mainder of the notation is the same as that employed A 
above. 

As before o = r ; area of A B C D = 

L X /^ -^Q + P^ Y Prom above A = A V (Tf R*), 
«nd by similar reasoning B D = A' V(l + R*) ; therefore 
areaofABOD==^x {A^/7r+R«) + A'//(r^R«)}, ^^ ^ 

which gives us 8 = ^ { (A + AO V(l + R«) } . Substituting for the expression V (1 + R*) its 

j^uivalent and reducing, we obtain finally 8 = L(A4-A')X^'2; if L = 100 ft., then 

8 = (A + A7x20;ifL = 66ft., then 8 = (A + A*) 13-2. 

It is evident that by making A = A', the first three equations became identical with the last 
.three, but a separate proof and demonstration is given, not only to preserve uniformity in the 
difliBrent examples unaer investigation, but because it may serve to render tiie subject clearer 
to many persons, especially those perusing it for the first time. These equations will be found 
particularly useful io those engaged in making the estimates for conti-act work of a line of railway, 
as the ground may generally be considered level between any two ordinates on tlie longitudinal 
section, which are at the distance of one chain from one another ; unless it is exceedingly rough 
and irregular, and even then any deficiency or excess in so inexpensive an item as trimming and 
soiling slopes is not of much consequence. 

All the foregoing formuLe have been calculated on the supposition that the cross-sections of the 
ground are level, or, in other words, that the quantity of soil required fur one slope is the same as 
that which is reauii«d for the other. 

It is manifest that, in sidelong ground, this would not be the case, and in some instances, where 
the difference of the heights on the two sides is great, it might be necessary to allow for it in taking 
out the quantity. This might be accomplished in two wnys, either by applying any of the above 
equations, which suit the particnlor case in ouostiou, to each respective side of the cutting or 
embankment, and dividing the result by 2 ; or by making use of the following formula. Let H, H', 
A, A', be the four different heights, then from Fig. 6464 and the equations the number of super- 
ficial yards of one slope = L (A -h A*) x 0*1, and of the other = L (H -f H')0*1, and total number 
8 = L(H -h H' + A + A') O'l, which can be simplified in a corresponding manner for the different 
values of L = 100 or 66 ft. 

In any instance in which the sidelong ground continued to slope uniformly in the seme direction 
across the line for a considerable distance, it might be found quite as advantageous, if not more so, 
to take out each side of the line separately, and to employ the former instead of the latter method. 

In the preliminary estimates of a line of railway for }iarliamentary purposes, trimming and soiling 
slopes is so insignificant an item that it is hardly ever taken into account ; but in a case where the 
cuttings and embankments were excessive both in number and magnitude, and where a close and 
vigorous opposition would render an equally close and accurate tstimate requisite, it would be 
prudent to ascertain its amoimt either by direct calculation, or allow a sum for it, suggested by 
experience. In such calculations, it would be convenient to take out a whole cutting or emliank- 
ment at one operation ; and quite sufficiently accurate to consider tho cross-sections of the ground 
level, and consequently the area of the two slopes equal to one another. 

The following formula is general for any length \i and number of heights A, Ai A, A, . . . A,, 
which for simplicity's sake may be taken at equal distances ; let x = number of heights taken, then 

8 = r (A 4-2A, 4- 2A, -|. 2A, 4- . . . + A,)0'2. If L bo taken an even number of hundred 

feet, as it may be in such examples, and let N = number of 100-ft. lengths, and allowing one penny 
a superficial yard, we obtain, by putting M for the amount in pounds, 

M= — — _(A + 2A| + 2//, + 2A,+ ... + A- )• 

It will be at onco seen, that when tho length admits of it, this substitution can be applied to all 
the other formula, and the price therefore obtained at once from the values of the lengths and 
lieighte or depths. 

Masonry ^ Brickworhj and Ironwork, — In those lines in which timber is not employed as a construc- 
tive material, the permanent structures are built of one of the three enumerated, or of a combination 
of them. Wliere stone can be procured in the neighbourhood of a good quality, suitable for the 
purpose, its use is only limited oy the considerations of time, and the possioility of employing tho 



RAILWAY ENGINEEBINO. STtSf 

arch fonn instead of the horizontal in bridges and Tiaducts. Having once determined the description 
of material to be nscd in the building of the permanent works on the line, the next step is to consider 
the stractores themsflves. 

Bridges, — Every information on these structures will be found in article Bridges, and we shall 
therefore confine ourselves to noticing a few points in them most intimately connected with our 
subjeol Bridges are divided into two principal classes — bridges on the square, and bridges on the 
skew. See Oblique Arch. Bridges on the skew are rarely ouilt now of masonry or brickwork. 
The time consumed in cutting the stones to the proper twist and other considerations have virtually 
put an end to the constraction of stone skew bridges, even when the material is at hand. Skew 
bridges are sometimes built with stone abutments and the arch turned in brick ; when neatly done 
the structure looks very well. Unless the span is of very considerable dimensions the building of a 
bridge on the square is a very simple matter, provided the foundations are good and proper super- 
vision exercised over the materials and workmanship. The consideration of headway generally 
leads to the adoption of iron bridges, even where stone is plentifuL In the case of over-bridges the 
reduction of the hei;i:hts mav be of gpreat importance as reducing the quantity of tlie embankment, or 
shortening the length of uie approach. In under-bridges it mav be of still greater importance, 
allowing a reduction in the height of an embankment, which should perhaps have to oe made 
from side cutting. Iron bridges may also be adopted for another reason, on account of any 
insecurity in the foundations that would render some slight settlement in the abutments probable. 
An arch might be .seriously damaged by a settlement tliat would in no way afiect an iron super- 
structure. 

In designing a bridge all the parts of the drawing must be carried on together ; neither plan nor 
elevation can b^ finish^ by themselves without having the sections drawn, or as vividly impressed 
on tlie mind as if they were drawn. 

The footings in over-bridges should be at least 1 ft. below formation level, to enable the water- 
tables or side drains of the railway to be carried continuously through the bridge. The projection 
of a footing depends on the material employed ; every front stone in a footing course should be at 
least as much imbedded in the work as it is exposed, else the footings lose their value, which is to 
spread the pressure ; hence the projection mentioned above may be increased, or must be diminished, 
according to circumstances. If a greater width of foundation is thought necessary, it must be 
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gained bv increasing the number of the footings, and not their width. 

The height of abutment, span, and rise of arch are known quantities. 

r* 4- 8* 
of which the arch is a segment is given by the equation B = — - — , where B = radius, r the 

rise, and s the semi-span of the arch. In segmental arches of moderate span, the eztrados is 
struck from the same centre as the intrados. The thicknesses of the arch and of the abutments 
are subjects of theoretical investigations, but practically depend on previous examples. It is 
possible to determine the width of an abutment that will just keep the arch in equilibrium, but 
this has to be modified by a coefficient of safetjr, in itself very variable, so that the value of the 
theoretical rule is practically lost. The haunchmg is usually carried up at the back in a plumbs 
line with the abutment, terminating at a point 1 i\ or more, below the soffit of the crown of the 
aroh, and raked from that in a line tangent to the extradoe, to allow water to run freely off. Steps 
are sometimes intytxluced to lighten the haunching. 

l^e counterforts are built at the back of the abutments, and are usually plumb at the back. 
Sometimes they are raked off in a line with the haunching, and sometimes are stopped lower down. 
Their object is to help the abutment to withstand the thrust of the arch. There is no use in founding 
count^orts as low as the abutments when the bridge is in cutting, they should go down to a good 
foundation for themselves. They may or may not have footings. The puddle is usually shown 
6 in. deep, and should extend over the counterforts. Asphalts is often used instead of day 
puddle. 

Iron bridges are either of cast or of wrought iron, the former being now confined to the cases of 
carrying roaaa over railways, where it is an ooject to save the height of the approaches, or for other 
reasons. 

Wrought-iron bridges to carry the railway over roads are of two kinds, one where the railway is 
supported by under-girdere, one under each rail, or by side and cross girders. The latter, if for 
double line, are of two kinds, firstly, with two side girders, with at least 25 ft. 6 in. clear space 
between them and carrying both roads, or a set of three girders, with a single road between 
each pair. 

These girders, in ordinary cases, are either lattice or plate girders, and may be in each case 
either single or box girders. The names explain their nature. For rules for finding the strength 
of each ditterent part of a lattice or plate girder, see article Materials of Construction, Strength of. 

On the plan of every bridge should be shown at least three views, one of the superstructure 
complete, one of the bridge, or part of it, witli the parapets, string-course, coping of wings, and 
newel-cape removed, and a third of the foundations. In designing iron bridges the various parts 
should as much as possible be duplicates of each other, so as to diminish to a minimum the number 
of templets required. It must be kept in view that all structures consist of two items, materials and 
workmanship, and it is quite possible to make the latter so expensive as to double the cost. All 
bending, cranking, forging, and welding of iron should be avoided, especial ly when the pieces are 
of luge dimensions. It adds little or nothing to the contract price to bend a piece of angle iron 
4 or 5 ft. in length, but when that length is increased to 15 or 16 ft. the contractor will at once 
require an eitra price for workmanship. As an example may be quoted the Odse of an ordinary 
lattice bridge, in which the flimges are horizontal and all the bars in the web of the same length, 
and a bowstring girder in which the upper flange is bent, and all the bars in the web of a difierent 
size. The difference in the contract price of these two examples of bridge girders will reach to 30«, 
more a ton. It is not to be argued from this that bowstring girders are not to be used^ but that they 
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are to be nsed only when the oiroumstances of the oaae jnstifv the additional ozpenditnre. In laige 
spans the bowstring girder is an economical type of railway bridge. 

2\Mnelling. — The greatest intensity of pressure in a buried archway occurs usually in its sides, 
at the ends of the shorter diameter of the oval intrados ; and that intensity is g^ven approximately 
by the following equation. 

Let X, be the depth of the aborter diameter below the surface of the ground, 6' the half-span of 
the archway, a' its rise, t the thickness of its side, to the weight of a cubic foot of the earth ; then 

to f jT, (6' 4- — 0-8 a' b' ] 
the greatest pressure, in lbs. on the square foot, is g = — - — *-^ ^ ; and this should 

not exceed the resistance of the material to crushing, divided by a proper factor of safety. 

It appears that in the brickwork of various existing tuimels the factor of sufety is as low as 
four. Tms is sufficient because of the steadiness of the load, but in buried archways exposed to shocks, 
like those of culverts under high embankments, the factor of safety should be greater, say firom 
eight to ten. 

How small soever the load may be, there is a certain minimum thickness for an underground 
archway, for determining which the following empirical rule, exactly similar to that for finding the 
depth of the keystone of an arch, hss been deduced from practical examples. The rise and half- 
span being denoted as before by a' and b\ compute approximately the longest radius of curvature 
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of the intrados by the formula r = -rj- ; then least thickness t in feet = V * 12 r. 

This is applicable where the ground is of the finest and safest kind. In soft and slippery mate- 
rials th e thicfa iejs ranges £rom one an<^a half to double that given by the equation ; that is to say, 

from V0*27 r to V0*48r. The thickness of an underground aroh at the crown may be made less 
than at the sides in the ratio 6' a' ; but the more common practice is to make it uniform. 

Tunnels are driven through hills and spurs of mountains to avoid very deep cutting. At the best 
they are sources of large expenditure, and should, if possible, be avoided. When tunnels are cut 
through rock of a solid and durable character the roof supports itself; but when in loose or easily 
decomposed rock, or in earth, an artificial arched lining becomes necessary. Such lining is generally 
made of brick, especially the arched part, on account of the greater ease of handling and laying 
brick than stone in so confined a situation. Among the diffictUties attendant upon the construction 
of tunnels are the want of light, air, and drainage. As tunnels generally occur upon summits, or 
cm the approach to them, the latter reauirement may be met by the introduction of a light gradient 
The lower end upon the gradient will orain itself; the upper end will require pumps ; an occasional 
well being sunk as low as the contemplated road-bed, or a little lower, to collect the water. Short 
tunnels may be built bv working from the ends only ; but as a very Umited number of hands can 
be employed on so small a worlmig face as the heading affords, when the length becomes consider- 
able, snaits are sunk from the surface to formation, and from the bottom of these, headings are 
run in both directions. This operation involves a large expenditure, as all draining, ventihiting, 
and removal of materials must be effected through the shaft. 

In cutting a tunnel in rock, a small heading, 6 or 8 ft. square, is first taken out by one gang of 
men, while a larger gang follows in the rear, charging the work to the full size, and putting in the 
masonry where such is required. The rapidity with which the small opening can be worked is 
the measure of the prog^ress of the whole ; as the enlarging and lining allows the employment of 
more hands than the limited dimensions of the heading can accommodate. After a tunnel has been 
driven about 500 ft artificial ventilation becomes necessary. This is accomplished by the ordinary 
mining expedients, drawing off the bad air by the draught of a chimney with a fire at the bottom, 
or forcing fresh air in. If the shaft is made in the bottom of a depression, in order to reduce its 
length, it may be necessary to provide for the surface drainage in such a locality ; regard should 
be piEdd, in laying out the work, to this requirement. The general practice in England has been to 
multiply the number of shafts; and in some 
cases, tunnels have been cut entirely through 
from the shaft heading!*, before the approaches 
were token out In tunnels made through loose 
material, it has frequently been the piactice to 
commence hj running forward two small head- 
ings,, in which the side walls are built, before 
the remainder of the section is excavated. In 
other cases, the upper part of the tunnel has been 
opened first, and the arch built ; the space for 
tne side walls being next excavated, and the 
arch propped by timbers until the walls are 
built up to connect with it. When the gradient 
descenos from a shaft, or at the end of a tunnel 
where the gradient descends into the work, and 
the water follows the operations in a troublesome 
manner, the heading may be commenced at the 
bottom of the intended section, and run along, 
on a slight ascent, until it reaches the top, when 
a pit may be sunk to the level of the fioor. and 
the heading may be started again, and the ascent 
commenced anew. The size and proportions of 
tunnels may be illustrated best by reference to 
examples. The Box Tunnel, Fig. 6465, is between Chippenham and Bath, upon the Great 
Western Railway, in England. It is 3200 yds. in length, 80 ft. wide at the widest, and 24} ft 
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high aboTe the roadway. Nearly half of it pasBes through the Bath oolite limestone, and the other 
half through clay. It is straight, and rises from one end to the other upon a gradient of 1 in 100, or 
52*8 ft. a mile. For about three-fourths of a mile it has no lining; the remainder is finished with 
side walls of the oolite and an arch of brick. There are seven shafts, having an internal diameter 
of 25 ft., widened to SO ft where they intersect the tunnel. The deepest shaft is about 300 ft. 
They are lined with brick. 

The Brislington Tunnel, upon the same railway, 1100 yds. long, has nearly the same section as 
the Box, and is made in a very hard rock. This short tunnel has nine shafts ; in order to hasten the 
work, a driftway, 7 ft. wide and 8 ft. high, made in eight months, was run the whole length before 
the enlarg^g was commenced. Tlie whole work was done from the inside, on account of the heavy 
cuts at the ends. The enlarging of the heading was carrie<) on at all of the nine shafts ; but the 
materials were raised up by only three, which were about 110 ffc. tieep and 15 ft. internal diameter. 

The Woodhead Tunnel, upon the Manchester, Sheffield, and Lincolnshire Railway, near Man- 
chester, is 3 miles 26 ft. long, 14 ft. 4 in. wide at the level of the rails, and 18 ft. 3 in. high, 
from the rails to the under side of the arch. The sides are vertical, and there is no invert. 
The road is provided with a small drain, next the wall upon each side. A second tunnel, of 
precisely the same dimensions, was afterwards built parallel with it, separated by a longitu- 
dinal pier, 21 ft. thick, through which are twenty-one arched openings, about 12 ft. wide, con- 
necting the two. The first tunnel was made with shafts, about 10 ft. in diameter, upon one side of 
the centre line, which now descends into the middle of the connecting arches. In making the 
second tunnel the shafts were not used ; but the side walls were first cut through, and openings 
made horizontally into the line of the new tunnel, all of the material being brought by cross roads 
to the finished line, and run out in cars. 

The Elilsby Tunnel, upon the London and Birmingham Railway (London and North-Westem), 
is about 2400 yds. long, with a section of 27 x 23^ ft. It is cut through clay and sand, and occu- 
pied about four years in its construction. It was intended to make the brick lining 18 in. thick, 
but this was increased, for the most part, to 27 in. The whole was laid in Roman cement. During 
the construction of this work an immense quicksand was encountered, out of which water was 
pumped for eight months, night and day, at the rate of 1800 gallons a minute. The large shaft, 
60 ft in ^ameter and 132 ft. deep, was completed in a year ; its walls are perpendicular and 3 ft. 
thick ; the bricks being laid in Roman cement This immense shaft as well as the second, which 
was 30 ft less in depth, was built from the top downwards, by excavating for small portions of the 
wall at a time, from 6 to 12 ft long and 10 ft. deep. The wliole number of bricks used in this 
tmmel was 36,000,000. The cost, which was estimated at 90,000/., reached tlie sum of 350,000/. 

The Netherton Tunnel, upon a branch of the Birmingham Canal, was completed in 1858. It 
is 3036 yds. in length, 27 ft. wide, and 24 ft. 4 in. high. The brickwork for the lining was gene- 
rally 1 ft. lOf in. thick in the side walls and arch, and 1 ft 1} in. in the invert ; the thickness 
being increased where the shafts join the arch, and also in some places where the ground was bad. 
At several points the invert was pressed up from beneath, in some cases as much as 5 in., the 
bricks remaining unbroken. In one place, where the bottom was forced up 8 in. at the centre, and 
the bricks were crushed, the invert was cut out for a length of 130 ft., and rebuilt 1 ft 10 in. thick. 
This was done in short pieces — about 6 ft. — at a time, the side walls being carefully strutted. In 
xebnilding a portion of this invert, 49 ft. in length, the versed sine was increased to 2 ft. 6 in. 

There were seventeen shafts, 9 ft. in diameter, seven of which wore left permanently open, and 
lined with brickwork 9 in. thick. This brickwork was built upon an oak curb 9x3 in., from 
beneath which Uie earth was excavated, the curb being temporarily propped until underpinned by 
the brickwork brought up from the second curb below. The greatest depth of the shafts was 
344 ft., and the least 66 ft. Tlie average rate of progress a day of twenty-four hours, from the com- 
menoement to the eompletion of each shaft, was 2 ft. ; but counting only the days upon which work 
was actually done, 3 ft. 4 in. The material was chiefly blue marl. The size of the heading was 
5 X 8 ft, the bottom being level with the top of the invert. 

The Almondsbury Tunnel, near Bristol, upon the Bristol and South Wales Junction Railway, 
Fig. 6466, is 1221 yds. long, 18 ft. 6 in. wide at the 
widest part, 17 ft. wide at the road-bed. and 19 ft high. 
It was built for a single track ; the wnole work being 
done by means of the shafts, of which there were five ; 
the deei)e8t being 144, and the least 67 ft. 

The Sydenham Tujinel, on the London, Chatham, and 
Dover Railway, is. 2100 yds. long, and is made through 
the London day. It had seven shafts, varying from 50 to 
186 ft in depth, and 9 ft internal diameter. Two only 
of these shafts were intended to be left open permanently. _ 
The clay in which this work was executed, through yield- *~ 
ing freely to the pick, afterwards swelled and crushed the •-< 
masonry. The shafts were made 9 ft. in diameter, but were 
afterwuds pressed in, so as to be hardly more than 6. The 
headings were 4 x 6 ft, and were run forward at the 
top, and not the bottom, of the excavation. The original 
section is shown in Fig. 6467. But the swelling of the 
clay so forced in the masonry that 6780 cub. yds. of the 
sidle wall and 2065 yds. of the invert had to be rebuilt At the foot of one of the shafts, 120 ft. deep, 
which was the worst place, the tunnel was at first lined with eight rings of bricks, making a thick- 
nem of 36 in. This was cut out and replaced, first by ten, and again by twelve rings of brickwork, 
or 4 ft 6 in. of thiokness ; and even some of the last had to be replaced. 

Hie thafts had at first a lining of brick 9 in. thick ; but this was so pressed in, and the diameter 
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80 reduced, as to require a new lining 18 in. in thickness. This action of the clay begins very soon 

after the excavation is made ; if it is not noticed within two months, it is no longer feared. The 

action at Uie top of the arch is slight, the principal 

effect being on the invert, which rises first at the 

centre and afterwards at the sides. The dotted line 

in the figure shows the altered iriiape of the original 

section. The form was afterwards changed ; the first 

step being to lower the invert, which showed such a 

tendency to rise, and the next to lower the arch and 

flatten it at the top, until finally the section of the 

tunnel was almost a circle, the thickness of the lining 

above the road-bed being 4 ft. 6 in., and that of the 

invert 3 ft. Preference was given in this work to 

lime-mortar over cement, as it hardens more slowly, 

and receives the first pressure gradually, by which 

the bricks do not break so readily. 

The Bletchingly and Saltwood tunnels are be- 
tween London and Dover, upon the South-Eastem 
Railway. The Bletchingly is 24 ft. wide, and 21 ft. 
fh>m the top of the rail to the under side of the crown 
of the arch ; the versed sine of the invert being 3 ft., 
and the form as in Fig. 6468. The length is 3972 ft. ; 
the tunnel being inclined at the rate of 3 ft. in a 
mile. The material through which it is cut is blue 
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day. The thickness of the lining varies from 
1 ft. 10| ill. to 3 fi, according to the ground. The 
time occupied in the construction was 626 days. 

The Hauenstein Tunnel, between Basle and 
Olten, upon the Central Svriss Railroad, is 2729 yds. 
lon^, of which 1970 yds. were cut from one end. 
This work passes through limestone, sandstone, and 
shale. It is made for a double track, being 26 ft 
wide, 20 ft. high above the rails, and of the form 
shown in Fig. 6469. In some places it has an invert 
and at others none. The line is straight and the 
gradient unifonn, rising 1 in 38, or 139 u. in a mile. 
The masonry is limestone, no bricks being used. 
The heading was about 10 ft square, and run for- 
wards at the bottom ; but on account of the water 
that followed the descending gradient, it was not 
kept parallel with the intend^ road-bed, but was run 
horn the bottom up towards the roof, within the limits of the section. From the heading enlarge- 
ments were made at difiercnt places, to get additional working faces. 

The Mont Cenis Tunnel, which was completed in the summer of 1871, is, without doubt, the 
largest work of this kind ever undertaken. It is 7 miles 1044 yds. long, and of the section 
Fig. 6470. The grade rises at the rate of 117*22 ft a mile, or 444*90 ft. in all, from the French 
end to the centre ; and falls, for the purpose of drainage, at the rate of 2*64 ft. a mile, or 10*04 ft 
in all, from the centre to the Italian end ; thus making the southern portal 435 ft higher than the 
northern. The tunnel is Uned with masonry throughout, but with no invert, a covered drain 
being made in the centre. The side walls are of stone, laid in regular courses, and the arch upon 
the Italian side in brick. Recesses, large enough for several men, are made at frequent intervals, 
and at every 550 yds. a tool chamber, 10 or 12 ft square, is provided. The side ana arch masonry 
is about 2 ft. thick, though varying at different points. The tunnel has no shafts, being at the 
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Whon ft biflit U to tie fired, these carriages are run bock out of tbe VBy. The power for work- 
ing the drilla, compreeiGd air, ia the same as thqt luctl at tbe Mont Cenie Taiiiiel. 

At the enstem end of the work a dam acroas the Doerfield River gives a head ot 21 ft, which 

warhs four turbinc-wbr«la, each wheel working four air-cylinders. The air, comprefiBed to a 
inch, is conveyed into the tunnel through two S-in. cast-iron pipes; 
loeee little or nothing of its force in the tmnsit. 

impreeaors shows 65 Ibe., that at the hcndiiig ehows 63 Ibf. At the 
I of tlia Leading is effected by ordinary eanuon powder, and the 
■.At the western end, where the rock ia very much hnwer, nitro- 
glyoerine is almnet wholly used ; and the central shaft has been sunk altt^tber with the same 
tDBlerial. About 6000 lbs. of this new explosive, and 250 kegs, of 25 Ihs. each, of powder, are lued 
every month. Tbe eiplosion is effected wholly by electricity, every charge in a blast, Bometimea 



D of about 65 lbs. 
and experience showe that 
When the gauge at the 
eastern end uie eicavati' 
enlarging by nitro-glyo 



the tunnellinK goes on unoeaaingly through tlie twenty-four hours, Sunday only excepted. 

The preoMing sections are all diawn to the some scale, and thus show the oerruet reLitive siza 
of the yaiiiins tonnels referred to. 

The most modem system of tunnelling is that employed on the Ixindon Metropolitan Dndei^ 
ground Bailways. Fig. 6475 ia a crosa-atotion of the general tjpo of tnnnol udoptod. Tbe dimen- 
sions vary a little in anno parts, but, as a role, are as foUows. The apan in the clear of the arch 
is 28 ft. 6 in. The thiolracBs of the arch, 2 ft. 5 in., or equal to six rings, and backed by eonoreta 
epondriU. The height from tbe level of the rails to the crown of the arch is usually 16 fl. G in, 
but on some parts of tbe line it is increased to 16 ft. 9 in. Every portion of the length of the 
tunnel ia provided with a drain, which is csmed Dndeigrannd in the centre between the two lioes 
of tails ; and every area and pocket and basin, or fonnel-ehaped collector of land and surface w&ler 
at tbe buck of the wails or over Ibe tuphiJte ooveiing of the tuntiel, has its dowD-pipe, and ita 
connectioD oaiefuUy made. 




Calrerti, — The simplest form fbr t, cnlvcrt carrying a smnll strenm beneath an embankment b 
shown Fig. 6476. It consiBts of two side wells and a covering of flHgH, and forrna a very economical 
structure, when flat stones can be readily procured. Care ahouUl be tnken that the wator-way of all 
culverta ia in excess of their aotnal requirements, and no water shoulil ever be allowed to find its 
way behind or andcmeath tbe masonry. 1'he following dimensions given in "Tthie ill. will serve 
as good approximule guides for general use. Under high embankments tbe depth of the flag may 
be mcreaaed at Ibe centre of the length of the culvert, when the weight is a maximum. A face 



wall may be built to a culvert when appearance is an wject, as in Figr64TT, and for larger streaOu 
-'—- -" "■ re uBoall J bailt. A crosa-aeelion would have the a] ' '' 



wing waUs, Fig. 647S, a 



ipresented it 



in 




Fig. 6179. CulveriaareelaaBedaccordingtothetrdifierentspanB,and when small in size are nsnally 
called drains. A common praotioe with the Englith Drainage Commissioners is to place the invert 
of the culvert about 5 ft below the natural surnce of the gronnd. On this aasnmption, the depth 
of filling over an; enlvert in an embankment may be thus obtained. Let D — Uie required depUi, 



B for width of formation level, and L for the length, vriU be L = (Hi - H -|- 5) 2 R -f B. If 
the width of tho formation level be that of an ordinary single line, equal to IS fi, and the ratio of 
sloi>eB l| (o 1, the length in yards of tho culvert will bo given by the equation 

L = 2R(H> -H + 5) + B-fC. 
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longer than the inner rail in the proportion of the radins added to the gauge radins. While the inner 

wheel rolls over a g^ven arc of the inner rail, the outer wheel, if it be of the same diameter with the 

inner wheels, has to slip over a distance equal to the difference of the lengths of the rails. This 

causes an adaitional resistance to the advance of the outer wheel of each pair of wheels, tending to 

make the front end of the carriage swerve outwards. The taper or coning of the wheels was 

designed to prevent this tendency, by causing the outer wheel to run on a portion of its tire of larger 

diameter than that on which the inner wheel runs at the same time. The coning of the wheels 

has the disadvantage of increasing the oscillation or sideward lurching of the trains when running 

on a straight line. This tendency to swerve may be corrected in cylindrical wheels by means 

of an additional cant, which throws the larger proportion of the weight on the inner rail. 

The additional cant required for that purpose was determined experimentally by D. Bankine and 

W. J. If. Rankine, for carriages moving on a narrow-gauge line at speeds of from 3 to 12 miles an 

hour, and found to be independent of the velocity and inversely proportional to the radius of the 

7200 
curve. Putting for the additional cant in inches, we have C = —^- , in which B is the radius of 

the curve in feet. The use of bogeys or axle-boxes sliding in curved guides renders this additional 
cant unnecessary. 

Table V. 



GAUge. 


Cant for Centrifugal Force in in 


4 ft. 8A in. 


GOOO + radius in feet. 


•' »> 3 „ 


6680 -*- ., 


6 ,. „ 


7680 -J. „ ,. 


7 „ „ 


8960 -4- „ „ 



Expansion of EaUs. — The ends of rails if laid at a low temperature must not be placed in 
contact, since wrought iron expands 0*0000068 of its length for each degree Fahr. A change 
of temperature of 130° will cause the following elongation in rails of different length. A rail 
15 ft. in length will become 15 0133 ft. ; if 18 ft., it will be 18 0159 ft. ; and if 20 ft., 20*0177 ft. 
If we assume the maximum temperature at which rails may be placed in contact to be 100^, then 
the distances to be left between the joints at different temperatures are given in Table YI. Bails 
which have been laid in contact in cold weather, have been thrown out of line and out of level 
more than a foot by the powerful force of expansion, which may be said to be irresistible. In 
fishing all joints, the holes in the chairs must oe longer than those in the rails, in order to allow 
of the proper expansive motion. Serious accidents dayb happened through the neglect of this 
simple precaution, even on lines upon which the rails weighed over 80 lbs. a yard, and were well 
secured by fish-joints. 

Tablb VI. 



Temperature. 


Distances in inches. 
0-016 ! 


1 ^ 
Temperature. 


Distaooes in inches. 


Temperature. 


Distances in inches. 


o 
90 


o 
40 


0114 


o 



• • 


80 


0049 


30 


0-131 


10 


0-179 


70 


0-065 ! 


20 


0-147 


20 


196 


60 


0-082 


10 


0-163 


30 


0-212 


50 


0-098 











Specification, — A specification or detailed description of the various works to be carried out 
is always attached to a contract. It would require considerable detail to treat this subject fully, 
but we may briefly mention a few prominent points in connection with it. The description of the 
commencement and end of the work should be ver^ accurately and minutely stated. The clauses 
also should be very distinct which relate to the tin^e allowed, the mode of payment, the testing 
and delivery of materials, and the penalties provided in each separate instance. Attention to 
these points not only materially contributes to the rapid and efficient execution of a contract, but 
avoids all future arbitration and litigation. A good specification should be the joint production of 
both engineering and legal ability, neither unduly sacrificing the one feature to the otlier. While 
proper tests should always be stipulated for, yet if they are carried to an extreme degree, as 
nrequently happens, they defeat their own object When it becomes impossible to carry out 
certain unreasonable demands, the alternative is to evade them as much as possible; and it 
must always be borne in mind that the more stringent the demand, the greater the difficulty 
in enforcing it. 

See Abch. Ballast. Bbidoes. Gonstbuotion. Pebmanent Wat. Signals. 

BATCHET-WHEEL. Fb., Boue a rochet; Geb., Sperrrad; Ital., JRuota a nottolino; Span., 
Rveda de trinquete, 

A circular wheel having angular teeth, by which it may be moved forward, as by a lever and 
catch, or pawl, and into which the pawl may drop to prevent the wheel from running back. See 
Mechanical Movements. 

BEAGTION. Fb., Enaction; Geb., Reaction; Ital., Reazione; Span., Reacdcn, 

In mechanics, reaction is the force which a body subjected to the action of a force from another 
body exerts upon that body in the opposite direction. 

BEACTION-WHEEL. Fb., Ro\t4i a reaction; Geb., Reactionsrad ; Ital., Ruota a reaxione; 
Span., Rueda de reaocion. 

See Babk£B*8 Mill. 
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RBAHEB. Pb., AUioir; On., Btibahki Itu,., AHargaUrt; SfaM,, Avenanadar. 

Beuner oi Bimer is b, tool naed to enlarge a bale in a lieTelled form. 

BECOBDING PBE89UB&OAUQE. Fb., Manometry enmglstnmt; Geb., Xanomettr mm 
Aineigeti rm Dampfdruci ; Ital., Pietograf9; 8faH., Jtfamftneiro oufomator. 

The objeoti of a reoording rteam-preesnTB gauge are to »eciire a true reiwrd ot all preagarei and 
Ttkristiona of the same for reference, either in the interest of science or in inveriigatioiu before 
oorooer^ and other jnriee, and for iuapection bj inaiuerB, propiietora of mannfaotoriee,' Bteamers, 
•tationarj engine*, and locomotivte, to ascertain at any time the pael an well as the proseot atrain 



ontriutwaTth; id tbe diaohargs of inob important dntiea ns aurround the generation and nse of 
ateain, whetbet at high or low premue. Tbeee objeots are well attained in M. B. Edwrn's reconUiiR 
gauge, Figs. 6181 to 6183, 




The ipiinga oonriBf of a leiiea oF circtdar elastic obamberB ; they are compoeed of tfain otronlai 
■teel discs, with oormgationB, each pair forming a chamber by means of a flat brass ot composttifHi 
ring loterpooed between their outer edges, and having two compressing rings, one above and one 
midW the discs, the whole being seonred flrmly together by screws, so as to be staam and sic tight. 
A thin flat packing of foil or of sheet rubber is interposed for packing between the discs and tbe 
rings, and the diaos, the rings, the couplings, and other parts are electro-plated with nickel to 
prermt oxidation, and thus preserve their aocuracj for a long time. These chambers are con- 
nected together by hollow connections or couplings secured to the centres of the diaos around an 
opening, and they aro provided with alternate male and female screw threads, bo as to be joined 
together in a series, the joints being stasm and air tight The lowest chamber ia secured to tbe 
bed-plate, and is provided with a coupling, by whicli connection is made throngh a suitable pipe 
with a btuler or other vessel in which the fluid under pressure ia genemted. The upper chunbei 
!■*■ CD the top plate or spring a short, fixed, slotted vertical stud. These chambers are sarroonded 
bj a suitable OMbig, which supports the bearing whereon the oscillaiiDg rack and other put* are 
fitted. This CMfug is seoored to tbe bed-plate to prevent an^ variation in tbe working parte. Upon 
» bearing Is a segmental rack oeoillating vertically upon points, and having on its outer segmental 
psriphery teeth whieb gear into a pinion fast upon the bnrizontat shaft, on the fnmt end of whi«h 
IS flx«d a ]axffi spur-wheel for operating tbe vertical rack that carries the spring pencil-holder. On 
the oppodte end of the horizontal shaft a smaller spur-wheel ia fixed to gear into and to operate a 
boriiontal sliding rack which passes through slots in the frame at each end. Upon the side of this 



•^^■teblG 



IS of the two adjusting sorewi at the opposite ends. A oonneoting rod i« 
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end pivoted upon a pin fast in the link, and at its lower end is fastened by a pin to a stnd. The 
use of the sliding link is to increase or diminish the extent of the oscillation of the segmental rack. 
A reservoir drum, upon which the paper chart is wound, has its bearings upon conical points at the 
centre of the drum heads, the lower oeing fixed in the bed-plate and the upper bearings being the 
ends of adjustable screws, which pass through the horizontal brackets. Upon the opposite side of 
the cylindrical casing is the receiving drum, which has its bearing at the Dottom, sunilarly to the 
reservoir drum. These drums have each a narrow slot, behind which is fitted an eccentrically- 
flattened rod to clip and hold the paper chart. Around the edge of the top of the receiving drum 
is a raised rim midsing a hollow circular space, in which is placed a universal or constant pawl^ 
which is centred upon the drum head, but moving horizontally upon the said bearing. The short 
arm of the pawl is so arranged that when the long arm is pushed from the centre it will slip around 
within the rim loosely, so as not to turn the drum ; but tne instant the long arm is drawn towards 
the rack, the short arm will impinge upon the rim, and thus cause the drum to rotate. The pawl- 
lever is operated by a fixed pin in the end of the horizontal rack. The paper for the charts is 
wound around the tirst drum, and is passed in front of the bearing upon the casing, and between the 
said bearing and the pencil-holder, passing thence to and around the receiving drum. The paper 
chart is ruled with horizontal lines, and figured on the drum from zero to 90 lbs. pressure. The 
chart may also have zigzag tracings, indicating fluctuations in pressure. In front of the cylindrical 
frame the vertically-slidiDg rack rests in frictionless bearings upon the frame ; the teeth of the rack 
mesh closely into those of the spur-wheel, by which the rack is operated, and is made to carry the 
pencil-holder up or down as the pressure is increased or diminished. 

REFRIGERATOR. Fb., Refrigerant; Gbb., Kuhlfass ; Ital., Eefrigerante ; Span., Refri- 
gerante. 

See Ice Maohike. 

RESERVOIR. Fb., Reservoir; Geb., Behalter; Ital., Serbatoio; Span., Estanques; aigibes. 

See Wateb-wobks. 

RETAINING WALL. Fb., Mur de soutenement ; Geb., StUtxtnauer ; Ital., Muro diaostegno; 
Span., Muros de contencion. 

Retaining Waiis are masonry structures designed to impound or support fluid, semifluid, or 
granular materials, and are employed under various forms in the construction of fortifications, 
reservoirs, docks, wliarves, sea defences, and lines of inland communication. In these constructions 
they appear as revetments, dams, and weirs, dock and sea walls, piers, breast walls, and wing walls. 
A retaining wall is said to be surcharged when the bank it retains slopes backwards to a higher 
level tiian the top of the wall. The slope of the bank may be either equal to or less, but cannot be 
greater, than the angle of repose of the earth of the bank. 

In determining the proportions of retaining walls, engineers have been guided by principles 
deduced from the practical data furnished to mathematicians by the experiments and constructions 
of successful builders, so that theory and practice have gone hand in hand in establishing the laws 
and rules which lead to eoonomical and skilful design. The same mechanical laws apply to retain- 
ing walls equally with all masses of masonry pressed by oblique forces, and it is therefore convenient 
to treat the subject of their equilibrium uuder the distinct heads of — the stability of the wuU ; and 
the pressure or thrust of tlio material retained — the combination of the results leading to the deter- 
mination of the proper dimensions of the profile of the wall. It is usual in investigations connected 
with these subjects to confine the calculations to some unit of length of wall ; the unit, therefore, 
which will be adopted for uniform walls, that is, walls of constant cross-section, in tnis article, 
unless otherwise expressly stated, will be 1 ft., taken at right angles to the plane of the profile or 
cross-section of the wall. 

Stability of the Wall. — ^A mass of masonry pressed by an oblique thrust may fail through heeling 
over in the direction in which the thrust acts, or it may slide bodily forward, either on its base or 
on some plane in its substance. It will hereafter be seen that the contingency of sliding may, 
under ordinary circumstances, be dismissed from the consideration ; but the effect of the heeling 
tendency must be carefully investigated in all cases. 

A wall, in most text-books on tiie stability of structures, is treated as if it were a homogeneous 
adamantine mass which could actually turn over round the outer angle of its base, as on a knife 
edge ; but this, except in very small structures, is an impracticable, not to say impossible, assump- 
tion, for there can to no doubt that in large walls the masonry of the face would crush, and the 
mass disintegrate near the point of rupture, long before the wall could actually tilt. 

The resultant of an oblique thrust in a mass resting on a horizontal base may be resolved into 
two components — ^the vertical, causing a vertical stress or pressure on the base; the horizontal, 
tending to push forward the mass. The resistance which the wall opposes to the effects of the 
former is called its statical stability ; to the latter, its frictional stability. 

In retaining walls, the verticed stress is made up of the weight of the wall ; and the vertical 
component, if any, of the thrust of the material retained by the waU ; whUe the horizontal force is 
simply the horizontal component of the same thrust. 

Dealing first with the statical as distinguished from the frictional stability of the wall, we find 
that when the resultant of all the forces acting on the mass passes through the centre of figure of 
its base, the vertical pressure is considered to be a stress distributed uniformly over the base ; its 
amount at all points is equal and of a mean intensity, found by dividing the total vertical pressure 
by the area of the base. When, however, the resultant does not pass through the middle of the 
base, the centre of residtance, which is the point of application of the resultant in the base, will 
not coincide with the centre of figure of the base, and therefore the stress will increase in intensity 
on tliat side towards which the resultant deviates, according to a law which is, that the intensity 
is at any point projK)rtional to the horizontid distance of the point along an axis in the direction of 
the thrust. This is the law of an uniformly varying stress. It is this increase of pressure on the 
edges of the base which tends to crush the materials of the wall, and cause failure long before the 
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reBiiltant or centre of resistance can have reached the face of the stractore. When the resultant 
passes outside the face, the pressure being unbalanced, the wall must heel. We will confine our- 
selves to the stability of walls independently of their foundations, although it is easily seen that 
the same principles may be applied to the resistance of the materials composing the foundations as 
well as to that of those of the wall. We shall therefore suppose our walls placed on secure founda- 
tions. Failure of foundations through excess of stress nevertheless must be girded against as 
likely to occur in retaining walls— a notable instance of such failure being the Puent^ dam in 
Spain, already referred to, Fig. 2248, in article Damming. 

The diagram in Fig. 6484 represents the distribution both of an uniform and an uniformly 
Tsrying stress. The rectangle A B G D represents the former ; one of the 
other figures, contained by dotted lines, as CA', B D, the latter. Let A B 
be a plane forming the base of a wall, and let the resultant pass through 

the centre o. Erect a perpendicular o o', equal to the mean intensity of the 
Tertical stress ; and since the stress is unirormly distributed its amount at 
every point is equal, aud the total stress is represented by the ideal 
rectangle A BCD. 

But when the resultant does not pass through the centre o, since the 
total amount of the vertical stress cannot vary, its mean intensity must 

remain constant and equal to o o\ and therefore, as it varies uniformly, ., .. ,. , , 
lines drawn through o' will form ideal figures representing the total stress, ^ ' y / '^ : \> 
the ordinates of which will represent the stress at any point. [*'' »* i ax'i 

The ordinate at the point B will give the TnnTiwiTiin stress or pressure A ,<' O 
at the face of the waU. ]"/ "* 

It appears, therefore, that the mean stress increases towards B as the V 
ordinates of a triangle such as (X D D', and decreases towards A as those ^ 
of an equal and similar triangle D' C 0'. 

When the deviation of the resultant from the centre of the base is one-sixth of the breadth of 
base, the ideal figure is a triangle, as A B D', in which B D', representing the maximum pressure, 
is double O O', representing the mean pressure. When the deviation exceeds ooe-sixth the breadth 
of base, a portion of the stress, represented by the triangle A A' C, becomes negative, and denotes 
a tension ; but a tensile force being practically an element too uncertain to deiX with in masonry 
may be neglected, thus constituting an element of safety, while it simplifies the investigation. 

The conditions of the problem, it will be seen, however, entail the use of alternate formula for 
the maximum pressure ; one when the deviation of the resultant from the middle of the base is lees 
tlian, or equals one-sixth the breadth of base, the other when it is greater. Let p be the moan 

intensity of the pressure on the unit of surface of the base = -rr ; p' the maximum 

' '^ area of base 

intensity of the stress on the unit of surface ; q the ratio of the deviation of the centre of resistance, 

from the middle of the base, to the breadth of base ; x the breadth of base ; then so long as the 

deviation is not greater than one-sixth, the relation of p' to i? is 



p' = p (1 + 6 ?), 



and when the deviation exceeds one-sixth. 



[1] 



[U] 



These formula are identical with those already given in the article Damming, the notation 
being adapted to that here given by making — — v = g. 

The following Table of examples gives the ratios of p' to p for several values of g, calculated by 
the preceding formuks ;— 

Table A. 

For Valoefl of q Uu than, or equal lih. For VaIum of q ffrtater tban Jth. 

111112121 21211371 



^"12' U' 10* 9* 8* 15' 7* 13* 6* 
p' 3 17 8 5 7 9 13 25 „ 

F= 2' n' 5* rv 5'T'i3' • 



^ = 11' 5' 9' 4* 3' 8' 16' 2 



p'_ 15 20 12 8 - 16 32 

p'T*T'T'r 'T "3' 



00 



We see from what has gone before that it is requisite for the safety of a wall that the deviation 
horn the middle of the base of the centre of reeiatance — the point where the resultant cuts the base 
— must be limited. 

If it should exceed one-half the breadth of base, the wall would overset ; and if it should equal 
the half-breadth, the maximum pressure being infinitely great would require an infinite resistance 
to crushing in the materials of the wall. The limit therefore clearly is that thu deviation shall 
not be such a fraction of the base as will cause the maximum pressure to exceed the safe resistance 
to crushing of any of the materials of the wall ; or, if /* be the safe resistance of the materials, that 
p' shall not be greater than f. 

To determine the thickness of the wall so that this condition shall be fulfilled, we must seek 
values of p and g, on which p' depends, in terms of x. 

We know that D = weight of waU + vertic al component o f the throat at badt ^^^ jf ^ 
^ area of boae of vali 
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be the whole weight of the wall ; <0| the weight of a cubic foot of its snbstance ; A the height of the 

1 
wall ; - the fractional part which the area of its profile bears to the area of a rectangle of 



n 



equal height and breadth ; x the breadth of the base of the wall ; H the horizontal ; and Y the 
vertical components of the thruiit at the back of the wall ; we have 



p = — i = _i« ^. - 

X n X 



[2] 



Ifqx and g' x be the horizontal deviations of the centre of resistance of the base, and of the centre 
of gravity of the profile from the middle of the base, we have in Pig. 6485 q x = OE, q' x = OK, 
and KB = q X jz q' X, ihe upper or lower sign being used according as the points E and E lie on 



the opposite or the same side of the middle of the base O ; O' K being the 
height of the centre of pressure equals - , therefore O' K : K E : : V : H 

thus -T : {q ± q*) X :: \ : U, and hence we obtain 

HA 



6485. 



5f = 



3Vx 



=F?'. 



[3] 



The following values of - and q' are found for certain sections ; — 
Form — . 



rnJ^ 



Rectangles and parallelograms . 
Triangles , 



Trapezoids 



n 
1 

1 
2 

x+ t 



rA 

2x' 

rA_ L 

3x 6 

T A t " x\ 

+ 




hi /r A t — x\ 

r ' VT "^ ""6") 



x + 2t 
"x+T 



where r A is the batter of the face of the wall, t the thickness of the wall at top. 

By substituting in equations [1] and [1a] values for p and q obtained by the above formulie, and 
using for p' its limiting value/', the breadth of the wall may be calculated, as already shown in the 
article Damming, where the subject has b^n treated in detail by French writers. 

The method of obtaining the profile of a wall or dam on the foi^egoing principles, as adopted by 
the French writers, is ezceediogly complex ; but W. J. M. Bankine has, in connection with the 
design of a large reservoir-dam in Bombay, see article on Damming, recoxded a more practical way 
of dealing with the subject, and his process or rules may of course be applied to any retaining 
wall. He writes ; — 

" With respect to the profile of the wall, its figure is in the main to be determined by principles 
nearly the same with those laid down by the French engineers, and put in practice in the dams of 
the nvers Furens and Ban ; that is to say, tiie intensity of the vertical pressure at the inner face of 
the wall should at no point exceed a certain limit when the reservoir is empty, and the intensity 
of the vertical pressure at the outer face of the wall should at no point exceed a certain limit when 
the reservoir is fulL 

** In the theoretical investigations of Delocre and the practical examples given by Graefi^ the 
same limit is assigned to the intensity of the vertical pressure at both faces of the wall. But it 
appears to me that there are the following reasons for adopting a lower limit at the outer than at 
the inner face. The direction in which the pressure is exerted amongst the particles close to either 
face of the masonry is necessarily that of a tangent to that face ; and, unless the face is vertical, the 
vertical pressure found by means of the ordinary formula is not the whole pressure, but only its 
vertical component ; and the whole pressure exceeds the vertical pressure in a ratio which becomes 
the greater, the greater the batter or deviation of the face from the vertical. The outer face of the 
wall has a much greater batter than the inner face ; therefore, in order that the masonry of the 
outer face may not bo more severely -strained when the reservoir is full than that of the inner face 
when the reservoir is empty, a lower limit must be taken for the intensity of the vertical pressure 
at the outer face than at the inner face. 

*' In choosing limits for the intensity of the vertical pressure at the inner and outer faces of the 
wall represented by the accompanying profile. Fig. 6486, I have not attempted to deduce the ratio 
which those quantities ought to bear to each other from the theory of the distribution of stress in a 
solid body ; for the data on which any such theoretical determination would have to be based are 
too uncertoin. The limits which I have chosen are as follows ; — 



*^ Limits of vertical pressure at inner face. 

In feet of masonry of 125 lbs. a cubic foot . . 160 . . 

Pounds on the square foot, nearly 20,000 .. 

Tons 8-93 ., 

Kilogrammes on the square centimetre, netirly 9*8 . . 

Feet of water 820 .. 

Pounds on the square inch 140 . . 



outer face. 
125 
15,625 
6-97 
7*6 
250 
108 



" In choosing these two limits I have been guided by the consideration of the following facts. 
As regards the inner face, where the deviation of the stress from the vertical is unimportant, it is 



BBTAINING WALL. 



2781 



certain, from practical experience, that rubble masonry, laid in strong hydraulic mortar and good 
rock foundations, will safely bear vertical pressure equivalent to the weight of a column of masonry 

160 ft high, if not higher. As regards the outer 



e486. 



face, the practical data given by 6rae£f £diow that 
masonry of the same quality, in the sloping face 
of a dam, will safely b^ a pressure whose vertical 
component, as found by ordinary rules, is equiva- 
lent to the weight of a column 125 ft. high. 

*^ The same reasons which show that the in- 
tensity of the vertical components of the pressure 
ought to be less for a battening than for a vertical 
face, show also that this intensity ought gradually 
to diminish at the lower part of the outer face, 
when the butter gradually increases. In the 




RtbM to 10 » 



Soofti 



present state of our knowledge we should not be warranted in framing any definite theory as to 
the law which this diminution ought to follow; and therefore, in preparing the accompanying 
design I have thought it best to be guided in this, as in the previous case, by practiced examples, 
and to consider it sufficient to make the law of diminution such that at the depth of 150 ft. below 
the surface the intensity of the vertical component of the pressure at the outer face becomes nearly 
equal to what it is at the same depth in the outer face of the dam across the Fnrens, namely, 107 fL 
of masonry, or about 6^ kilogrammes on the square centimetre. 

'* I have kept in view another principle not referred to by the French authors, namely, that 
there ought to be no practically appreciable tension at any point of the masonry, whether at the 
outer face when the reservoir is empty, or at the inner face wnen the reservoir is full. 

'* E2zperience has shown that in s^uctures of brickwork and masonry that are exposed to the 
overturning action of forces, which fluctuate in amount and direction, the tendency to give way 
first shows itself at that point at which the tension is greatest. 

^ In order that this principle may be fulfilled, the line of resistance should not deviate from the 
middle thickness of the wall to an extent materially exceeding one-sixth of the thickness. In other 
words, the lines of resistance when the reservoir is empty and full respectively, should both lie 
iilthin, or but a small distance bevond, the middle third of the thickness of the wall. 

^ The conditions which have been observed in designing accompanying the profile, Fig. 6i86, 
may be summed up as follows ; — 

" A the vertical pressure at the inner face, not to exceed 160 fL of masonry, or 20,000 lbs. a 
square foot. 

" B the vertical pressure at the outer face, 125 ft. of masonry, or 15,625 lbs. a square foot, at 
the point where it is most intense, and to diminish in going down from that point. 

** C, the Hues of resistance when the reservoir is full and empty respectively, to lie within, or 
near to, the middle third of the thickness of the wall. 

^ Those are the limiting conditions, and do not prescribe exactly any definite form. 

"In choosing a form in order to fulfil them without any practically important excess in the 
expenditure of material beyond what is necessary, I have been guided by the consideration that a 
form whose dimensions, sectional area, and centre of gravity, under dmerent circumstances, are 
found by short and simple calculations, is to be preferred to one of a more complex kind, when 
their merits in other respects are equal ; and I have chosen logarithmic curves for both the inner 
and outer faces. 

" The constant subtangent common to both curves, marked A B in Fig., 6486, is 80 ft. 
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<* The ihiokneas B at 120 ft below the top Is 84 ft., and of this one-fonrteenth, A G = 6 fl^ lies 
inside the vertical axis O X, and thirteen-fonrteenths, A B = 78 ft., outside that axis. 
'* The formula for the thickness t at any depth x below the top, is as follows ; — 



or in common logarithms, 



< = ^.^^, [1] 



log. * = log. ^ + 0-4343 - — ^ I 



in which a denotes the snbtangent, 80 ft., and ^i the given thickness, 84 ft., at the given depth, 
120 ft., below the top. The thickness at the top is 18 '74 ft. 

*' In the profile, horizontal ordinates are drawn at every 10 ft. of depth from the top down to 180 ft., 
and their lengths from the vertical axis O X to the inner faces respectively, are marked in feet and 
decimals. 

'* In each case those ordinates are respectively -^ and \^ of the thickness. Intermediate ordinates 
at intervals of 5 ft. can easily be calculated, if required, by taking moan proportionals between the 
adjacent pairs of ordinates at the intervals of 10 ft. 

** The sectional area of the wall from the top down to any given depth is found by multiplying 
the constant snbtangent a = 80 ft., by the difference, t — 1„ between the thickness at the top and 
at the given depth, that is to say, 



J. 



»x 



<df« = oG-<o). [2] 



*^ The vertical line through the centre of gravity of the part of the wall above a given horizontal 
plane stands midway between the middle of the thickness at the given horizontal piano and the 
middle of the thickness at the top of the wall ; and thus have been found points in the carve 
marked liue of resistance, reservoir empty. 

**■ Supposing the reservoir filled to the level of the top of the wall, the moment of the pressure 
exerted norizontally by the water against each unit of length of wall from the top down to a given 
depth or, is found by multiplying the weight of a cubic unit of water by one-sixth of the cube of the 
depth ; and if we take, for convenience, the weight of a cubic unit of masonry as the unit of weight, 
and suppose the masonry to have twice the heaviness of water, this gives us, for the moment of 
horizontal pressure, 

M = — . [3] 

12 *■ ■■ 

^ The moment of horizontal pressure, expressed as above stated, being divided by the area of 
cross-section above the given depth, gives the horizontal distance at the given depth between the 
lines of resistance with the reservoir empty and full respectively ; that is to say, 

M «» 



/ 



tj, 12a(*-«„) [4] 



and thus have been found points in the curve marked line of resistance, reservoir fulL 

'* In the preceding formulse the pressure of the water against tlie inner face of the wall is treated 

as if it were wholly horizontal, as in the investigations of Grao£f and Delocre. In fact, however, 

that pressure, being normal to the inner face of the wall, has a small inclination downwsutls ; and 

therefore contains a small vertical component, which adds to the stability of the wall. The neglect 

of that vertical component is an error on the safe side. 

^^ To find the mean intensity of the vertical pressure on a given horizontal piano in the masonry, 

expressed in feet of masonry, divide the sectional area by the thickness at the given plane ; that is 

to say, 

^'"'=(1-*^). [5] 



r- 



" To find the greatest intensity of that vertical pressure, according to the ordinary assumption 
that it is an utiiformly varying stress, in other wor(u, that it increases at an uniform rate from the 
face farthest from the line of resistance to the face nearest to that line, the mean inteunity is to be 
increased by a fraction of itself expressed by the ratio which the deviation of the line of resistance 
fh)m the middle of the thickness bears to one-sixth of the thickness ; that is to say, let p denote 
that greatest intensity, expressed in feet of masonry, and r the deviation of the line of resistance 
from tho ndddle of the thickness ; then 



'-('-4)('*V)- 



When that deviation is appreciably greater than one-sixth of the thickness, the preceding rule is 
no longer applicable, but this case, as already explained, ought not to occur in a reservoir wall. 

'* The assumption on which the rule is based, of an uniform rate of variation of that component 
of the pressure which is normal to the pressed surface, is known to be sensibly correct in the cai^e 
of beams, and is probably very near the truth in walls of uniform or nearly uniform thickness. 
Whether, or to what extent, it deviates from exactness in walls of varying thickness is uncertain in 
the present state of our experimental knowledge. 

'* The range of different depths to which the same profile is applicable without any waste of 
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material extends from the greatest depth shown on the drawing, 180 ft., np to 110 ft^ or thereabouts. 
For depths l>etween 110 ft. and 80 or 90 ft or thereabouts, the waste of materiid is unimportant. 
For depths to any oonsidexable extent less than 90 ft., the use of a part of the same profile giyes a 
surplus of stability. For example, if the depth be 50 ft., the quantity of material is greater than 
that which is neoeraary in the ratio of 1*4 to 1, nearly. For the shallow parts, however, at the 
ends of a dam that is deep in the centre, 1 think it preferable to use the same profile as in the deep 
parts, notwithstanding this expenditure of material^ in order that the fuU advantage of the abut- 
ment against the sides of the ravine may be obtained. In the case of a dam that is less deep in the 
centre than 110 ft., the following rule may be employed ; — construct a profile similar to that suited 
to a depth of 110 ii., with all the thicknesses and ordinates diminished in the same proportion with 
the depth. The intensity of the vertical pressure at each point will be diminished in the same 
proportion also ; but this does not imply waste of material ; the whole weight of the material being 
required in order that there may be no appreciable tension in any part of the wall." 

Although the intricate foregoing methods are imperative in structures of unusual magnitude, 
in order to ensure economic and safe desig^n, yet in ordinary structures the following more simple 
yet sufficiently exact process may be adopted. 

Betuming to the principles stated at starting, we see that if we insert in equaUons [1] and [Ia] 
the limiting value of p' = /, and for p its value in terms of the height of the wall, we obtain an 
expression for A, which may be here termed the limiting height, depending on q and tr, . Using a 

notation as before, we have p' = /, and neglecting Y in equation [2], we get p = ' 



equation [1], 



and by equation [Ia], 



n 



then, by 



A = 



«r 



w,(l + 6?) 



, when^^i; 



* ^y^ ,wheng>l. 



M 



[4a] 



Applying the above formulfe to the example of rectangular profiles, and taking ordinary 
values for/ and w, , corresponding to ashlar and rubble, we find for the values of 9^, already selected 
Table A, the following umiting heights ; — 



m 



In the ease selected the value of n is 1 ; but for other forms of profile the heights will increase in 
the ratio of n to unity ; for instance, for triangular profiles, the heights will be doable, and for trape- 

2 X 
zoidal profiles, — r— : times those of the Table. 



x + e 



Table B. 



Values of g 



• • • * 



A 



A 



i i 



» * X * /* 20,000 , , , „ 

In feet, for ^ = , or mbble walls. 



«7. 



Limiting heights 



160 



106 



108 100 



96 



91 



89i86 



83 80 



75 



72 



68 



60 1 40 



30jl5 



T i. X * / 72,000 , , „ 



Limiting heights .. 



424 



283 1 274 



U7, 



265 



254'242|235!228'220 



212|198 



19l'l77 



159 



106 



79 



40 



An examination of the above Table shows that for walls of ordinary heights, so long as g is kept 
within certain limits, there will be no danger of the maximum pressure exceeding the safe limits 
of the resistance of the materials of the wall, and therefore, keeping in view this principle, the true 
proportions of a wall may be obtained from the ordinary equations for the moment of stability of 
stmotnres round the assumed limiting position of Uie centre of resistance. 

The following is the general expression for the moment of statical stability of a stmcture acted 
upon by a force tending to overturn it, and is applicable to walls ; — 

Let M, be the moment of stability relatively to the limiting position of the centre of resistance in 
the base; W| the total weight of the structure ; j the angle the plane of the base makes with the 
horizon ; 9«, as before, the deviation of the centre of resistance nrom the middle of the base ; <f x 
the horizontal deviation of tlie vertical through the centre of giltvity of the structure from the 
middle of the base; (s :hq')x will ^erefore be the leverage by which the weight of the structure 
resists overthrow. Then 

M, = W, cos./ (q db SfO ar; [6] 



to H SB 

or, since in nnif orm walls Wj =5 -^ — , the equation becomes 

n 

M, = -i-— (} ± J*) a;. 



[6] 



The above moment being equated with the moment of the overturning thrust, leads to ordinary 

anadratic equations, from wid<ui the breadth of base of walls of assured stability^may be readily 
btained, as employed further on. In determining the value of the fraction g to be adopted, we are 
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goided by the oiiomnstances of the case. We find that in retaining walls aotoally constracted 
French engineers have on the average adopted f and English engineers \. Also, we have seen 
that, to avoid the existence of any tension in the masonry, we must make 9 = ^ : while instances 
may occur where, through weakness of foundations, or from other causes, it is desirable that the 
pressure on the base shall be equally distributed over its surface, in which case q must be equal to o. 
The values of the other factors of the expression will depend on the form of the profile selected, 
and on the physical character of the materials used in the construction of the wall. 

With respect to the frktional stability, we know that a ¥rall resists sliding on a horizontal plane 
by an e£fect equal to its weight, plus the vertical component of the thrust at its back, multiplied by 
the coefficient of friction between its material and tliat of the plane on which it rests ; that is, if 
/o = the coefficient of f notion, 

the resistance of the wall to sliding = (W, + V) /q ; [7] 

and if H be the horizontal thrust = P cos. ^, 

/. H^(W. + V)/o, [8] 

firom which equation may be determined the thickness of a wall necessary to fulfil the condition of 
fiiotional stability. 

If we neglect Y in the above equation, and substitute values already obtained for W and H, 
we have 

The coefficient of friction /n varies; for masonry on rock or other courses of masonry, from *70 
to *75, and for masonry on eartn foundations, from * 30 to '35. The above formula takes no account 
of the cohesion of the mortar joints, which may amount to between 2000 and 3000 lbs. on the square 
foot. Taking cohesion into account, if c = the cohesion a unit of base, and allowing a factor of 
safety of 10, we have 

If, however, we omit cohesion from the consideration, it may be expressed that a wall will not 

slip on a horizontal plane, provided that /q is greater than =r= — —-== ; and this condition is found to 

" 1 + V 

be fulfilled in every wall, which otherwise satisfies the conditions of stable equilibrium. 

The proposition that -^ be not greater than /q is also expressed by the condition that the 

tangent of the angle which the resultant B makes with the vertical shall be less than /g ; and this 
will be the case, for green masonry, when the angle made by the resultant is not greater than 36° ; 
and in any given profile, the less the value of 9, the less will be the angle made by the resultant. 

Before the design for a wall can be considered complete, the test of the above principle must be 
applied to it ; but if there should exist any doubt as to its frictional stability, it is easy to provide 
greater resistance by a constructive design, in which the plane of foundations and the bed-ioints of 
the masonry have an inclination, or slope, downwards from front to rear of the wall ; or otherwise, 
by increasing the connection between the foundations and the courses of the masonry. 

Thrust of the Material retained may for the purposes of this article be confined to fluid and earth 
pressure. 

Fiuid Pressure is exerted in all directions, equally and normal, to the planes retaining the fluid. 
It can arise only from the weight of the particles of the fluid over the point pressed, and is there- 
fore proportional to the number of molecules of fluid superimposed, and consequently to the depUi 
of the point below the surface. 

If A B in Fig. 6487 represent a plane retaining a fluid, the pressure at any point is shown by a 
line B G, pOTpendicular to A B, and of a length proportional to the 
height multiplied by the weight of the unit of volume of the fluid ; 
and if the triangle A B G be completed, its area represents the total 
pressure against the plane ; and its ordinates 6 c, h'c' the pressure at 
the various points in it. 

Hence the rule for fluid pressure is ; — ^Multiply the immersed area 
of the plane by the depth of its centre of gravity below the surfieuso 
and by the weight of the unit of volume of the fluid. This is ex- 
pressed algebraically by 

P = toA</, [11] 

in which P is the normal pressure ; w the weight of the unit of volume 

of the fluid ; A the wetted area of the plane pressed ; d the depth of its centre of gravity measured 

from the surface. 

For water, w is equal to 62 4, therefore P = 62*4 A cT. 

And if 3 be the inclination of the plane to the vertical, A = ; therefore the general 

*^ ' cos. /3 ° 

formula for water pressure in the unit of length is 

cos. /3 
Two cases only of water pressure need be considered here. 
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BuU and Exampk. — ^To find the horizontal pressare of water against 1 ft in length of a vertical 
wall 10 ft high? By Tahle, H = 3120 lbs. If the wall slopes 0P at back, for the vertical 
element V, multiply the tabular number by the tangent of angle of slope 3, and for the normal 
pressure N, multiply the tabular number by the secant of the angle of slope fi. Example. — If back 
of above wall sloped forward 10° .'. V = 3120 x tan. 10° = 3120 x -176 = 549*1 lbs., and N = 
1320 X sec. 10° = 3120 X 1*015 = 3166*8 lbs. To find horizontal pressure against a wall 10*6 ft 
high, take that in the Table for 106 ft, and point o£f two decimal places, thus, pressure for 
106 ft. = 350563*2 lbs., pressure for 10*6 ft = 3505*632 lbs., for 1* 06 a = 35*05632 lbs. 

The pressure of sea-water, or mud in a semifluid state, may be obtained from equations [13] to 
[18], or from the Table, p. 2735, by multiplying the result for water by the specific gravity of the 
heavier material. The specific gravity of sea-water is about 1*026, and that of mud varies with its 
consistency and constitution. 

The Pressure of Earth, — The accurate determination of the pressure of earth against a fixed plane 
is as yet involved in obscurity; but the following theory based on the investigations of ^rony 
and Coulomb, is that which accords most closely with experience, and offers the most philosophical 
treatment of the subject. It agrees nearly in results with the more complicated treatment of the 
question by Rankine ; the equations for the special cases of vertical walls being identical. 

Tills theory is based on the principle of the inclined plane, and received laws of friction ; 
while the assumptions made all tend to exaggerate the pressure to be provided for, and thus intro- 
duce an element of safety. The results of the deductions regarding the thickness of walls to 
resist the pressure found by our formula also fairly agree with the results of experience. 

It is assumed that the earth is loose, and of uniform density ; that the effect of cohesion is 
neglected ; that there is no friction between the earth and the resisting plane. It is observed that 
where loose earth is filled in behind a fixed plane, the resistance of the plane retains the mass, but 
that when the plane is removed the particles of the earth slip or roll amongst each other, till the 
vertical tlirough the oentee of gravity of each particle makes with the perpendicular to a certain 
plane in the mass, an angle equal to the angle of repose, or limiting angle of friction. This angle 
IS that which the plane called the natural slope makes with the horizontal, and its tangent is equal 
to the coefiScient of friction. 

Let A B, Fig. 6491, be a plane retaining a bank of earth. When it is removed a mass ABC 
will slip down. B G is the natural slope, and ^^^^^ 

the angle of repose. 

If we oonceive the whole mass solidified there 
would be no pressure, as the component of gravity 
down the plane is in equilibrium with the friction 
between the mass and the plane B C. We must 



therefore consider the pressure to be produced by 
some smaller mass, sucn as A B C slipping down 




some other plane, making a greater angle, + ^ = * 
with the horizontal. 

The horizontal pressure of any mass resting on 
a plane making an an^le i, is obtained by resolving 
the forces produced oy the weight of the mass 
A B C = w, and the horizontal resistance = H, 
in directions parallel and perpendicular to the j 
plane B C\ 

Besolving W and H in directions along, and 
perpendicular to, the plaue, and observing that 

they act in opposite directions, we have g e representing the force down the plane = W sin. t, and 

hf representing the force up the plane = H cos. t. 

The motion down the plane is opposed by the force (W cos. t -f H sin. tan. 0, which is the 
amount of the friction developed by the normal components of H and W. 

Whence, as there is supposed equilibrium, W sin. • = H cos. t -f (W cos. * + H sin. * ) tan. 6, 
multiplying by ooe. B and arranging, H (oos. • cos. B + sin. • sin. 6} = W (sin. • cos. B — cos. t sin. 0), 
therefore as (t — 0) = « we obtain 

H = W tan. «, [19] 

or if to be the weight of the imit of mass (1 cub. ft.) of the earth, and A the area Of the triangle 
A B 0', the horizontal thrust is 

H = to A tan. 0. [20] 

It can be shown by the principles of Maxima and Minima^ that A tan. e will be a maximum, 
when the plane B C has such a position that the area of the triangle ABC formed between it 
and the plan A B, and that of a triangle B C Y, formed by it and a perpendicular C Y, let fall 

B'Y'x q' y 

from C on the plane of natural slope B G, are equal ; or in symbols, when A = ^ and 



—— cy Y C Y* 

because B Y =, , thereforeA = ^-^ Substituting this value for A in equation [20] we have 

tan. e 2 tan. e 

H = !^, [21] 

another general expression for the horizontal thrust. 

The following geometrical construction, by Neville, see Fig. 6492, determines the position of 
the plane B G', when A tan. e is a maiimnm. Let A B be the face of a bank, D G its surface, 
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B G the plane of natural dope. Draw B E parallel to A G, and O P at right angles to B G. Gut- 
ting A B produced if necessary. On O P descrihe a semicircle GUP, and from P as centre and 
wiSi P H as radius describe an aro cutting O P in I, and throagh I draw B 0' which is the plane 
of maximum pressure as required, makiug the triangles A B G' and B G' Y, Fig. 6491, equal. 
The Talue of tan. e is 



tan. « = V t««^' (^ T= 7) + ten- (<^ + «) ta°- («^ =F 7) - tan. (0^7), [22] 
or, in a form more suitable for logarithms, 

[22a] 



tan.. = tan.(eT7) f i , a/«^»-(» + ^ + ^) V 
^ ^^^ V sin, 8008. (.^ + «)y 



CL'- 



The sign -- or + being used according as the 
Borfaoe A G is oyer or under the horizontal. 

The value of G T may readily be obtained by ^'^ 
the construction, or from its trigonometric equina- C* 
lent, 

— sin. (^ + « + 8) sin. e 

c y = A B 
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sin. (2 4» + tf + ') 
The Talue of A is 

A B* sin. 4> sin. (<^ + tf + «) 



[23] 



[24] 




2 sin. (2 ^ + + 8) 

and substituting these values of A and G Y, we get . .^ ,^ p ^ 

a general equation for the pressure of a bank of loose ' hm/j!^^^ 

earth of any face batter or surface slope, in terms of e, '^^^^^^"^^^^^^^^ 

^ . , w AB* sin. 4» sin. (4» +<?+») . w CY« to A B» sin.« (a+«+8) . ain.** ^„^, 

H=irAtan.«= — 5 . .o ^7 . »\ tan. « = — - — = — — .To^ T . »x PS] 

2 sm. (2 ^ + tf + 8) 2 2 sm.* (2^+0 + 8) ^ •* 

The two following cases are of most frequent occurrence ; — 

I. When the surface of the bank slopes up a t the angle of repose^ that is to say, when the wall is 

indefinitely surcharged, Fig. 6493. Here G Y = A B sin. ^, therefore 



Tx AB« . , 
H = w — - 8m.« ^. 



When the back is vertical, A B = A, therefore 



H - *P ^* QQg-* Q 



[26] 



[27] 
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n. When the surface of the bank h horizontal, Fig. 6494, G Y = A B ^ f^"f '.! , therefore 



H = 



w A B* COS.* /3 sin.* e 



sin. {B + e) 



[28] 



2 sin.* (0 + e) 

When the back is vertical, A B = A, and G Y = AG = h tan. e, and « = ^, therefore 

[29] 



H = — — . tan.' — :: — 



The following Table of coefficients of w A' will shorten the calculation of the horizontal thrust 
of earthen banks against walls, in the two cases given above, for some of the usual batters, and for 
natural slopes of from 27° to 48°. It also shows at a glance how the pressure varies with the batter 
and angle of repose, and also with the slope of the surface. 

Rules and £x€nnples. — To find the horizontal pressure, acting at one-third the height, against 
1 ft in length of a retaining wall. Multiply the weight of a cubic foot of the earth by the square 
of the height of the wall and by the tabular coefficient for the proper inclination of the surface, 
angle of repose of the earth, and batter of back of wall. 

ExantpU 1. — ^Horizontal pressure of a bank of earth with horizontal mrface against a wall 10 ft. 
high ; weight of cubic foot earth = 100 lbs. ; angle of repose 40^. 

8 H 
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Table E. — Cobfficiewts for Earth Pressure AGAnrar One Foot in Length op Sloping and 

Vertical Backed Walls, osTAmED from Formula 28 and 29. 



• 


I. SvKTAcn OP Bakk Horizoktal. 


2. SuBFACE OF Bank Srx>PiNO up at Axglb or Rxfoss. 


1 


• 

Slope of Back of Wall. 


Slope of Back of Wall. 




Overlianging forwards. 


Plmnb. 


Beclinlng. 


Overhanging forwards. 


numb. 


Reclining. 


e 
< 


14° 

or 

liD4. 


lOO 

or 

line. 


60 

or 

lin 12. 


60 

or 

1 in 12. 


10° 

or 

1 in 6. 


140 

or 

1 in 4. 


I 


140 
or 
in 4. 


100 

or 

line. 


50 

or 

1 In 12. 


0© 


6° 

«r 

1 in 12. 


10° 

or 

line. 


140 

or 

lln4. 


27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
87 
88 
39 
40 
41 
42 
48 
44 
45 
46 
48 


•289 
•280 
•270 
•261 
•252 
•243 
•230 
•226 
•218 
•210 
•203 
•196 
•189 
•182 
•176 
•169 
•163 
•156 
•150 
•145 
•134 




'252 

244 

236 

•228 

•220 

•213 

•204 

•197 

190 

183 

•174 

170 

164 

157 

151 

146 

139 

135 

129 

124 

113 


•218 
•212 
•204 
•194 
•190 
•183 
•176 
•169 
•161 
•156 
•149 
•144 
•139 
•132 
•127 
•123 
•117 
•110 
•107 
•103 
•092 


•188 

•180 

•173 

•167 

•160 

•153 

•147 

•141 

•135 

•130 

•124 

•119 

•114 

•108 

•104 

•099 

•094 

•090 

•085 

•081, 

•073 




•166 
■157 
•150 
145 
•138 
•132 
126 
122 
116 
110 
105 
101 
095 
091 
086 
082 
078 
073 
069 
066 
059 


•141 
•133 
•129 
•124 
•117 
•111 
•106 
•101 
•095 
•090 
•087 
•083 
•077 
•074 
•069 
•066 
•062 
•057 
•054 
•051 
•045 


•125 
•120 
•114 
•108 
•103 
•097 
•092 
•087 
•082 
•078 
•073 
•069 
•065 
•061 
•058 
•054 
•051 
•047 
•044 
•041 
•036 




•504 
■499 
■495 
•490 
•485 
•480 
•474 
468 
462 
456 
449 
438 
436 
428 
421 
413 
405 
398 
390 
381 
•364 


•471 
•466 
•461 
•455 
•449 
•443 
•437 
•430 
•423 
•416 
•409 
•402 
•394 
•387 
•379 
•371 
•363 
•354 
•346 
•337 
•320 




•433 

•427 

•421 

•414 

'407 

•400 

393 

386 

378 

'370 

362 

355 

341 

339 

338 

321 

313 

304 

296 

287 

270 


•397 
•389 

•3a3 

•375 
•367 
•859 
•351 
•343 
•335 
•327 
•319 
•310 
•302 
•293 
•284 
•276 
•267 
•259 
•250 
•241 
•224 


• 


•362 
•355 
•341 
339 
■330 
•321 
313 
304 
296 
287 
278 
270 
261 
252 
243 
234 1 
226 
217 
208 
200 
183 


•329 

•320 

•311 

•303 

•294 

•285 

•276 

•267 

•253 

•249 

•240 

•231 

•222 

•213 i 

•205 

•195, 

•187! 

•178 

•170 

•162 

•145 


•302 
•293 
•284 
•275 
•265 
•256 
•247 
•240 
•228 
•219 
•210 
•201 
•192 
•183 
•174 
•166 
•157 
•152 
•141 
•130 
•117 



a, Whenliack is vertical, P = w A« x coefficient = 100 x '108 = 1080 lbs. 

6. When back overhangs 10^, that is to say, batters out towards the face 1 in 6; P = w A* x co- 
efficient = 10,000 X ^157 = 1570 lbs. 

c. When back reclines IQP, tliat is to say, batters in towards the earth lin6; PstoA'x coefficient 
= 10,000 X -074 = 740. 

Examj^ 2. — ^Horizontal pressure of a bank of earth, surface sloping up at angle of repose. Bank 
of wall overhanging Kf*. 

%D = 100, A = 10, e° = 40°, iB° = 10° .•. P = u> A* X coefficient = 100 x 10« x ^887 =2870 lbs. 

The Moment of the Pressure of Water or Earth tending to overturn walls is the horizontal com- 
ponent of the tlurust multiplied by the vertical height of the point of application of its resultant 
over the centre of resistance of the base, and this is diminished by the verti<»I component multi- 
plied by the horizontal distance of the same point from the limiting position of the centre of 
resistance. The point of application of the resultant of the thrust against a plane is called the 
centre of pressure^ and is situated where the normal through the centre of gravity of the ideal figure, 
representing the pressure against the plane, cuts the plane. 

Let A be the total depth of the base below the surface ; Aj the depth of the top of a submerged 
plane, such as a weir ; the vertical height of the centre of pressure over the base is. 

For planes reaching the surface, 

A 



For planes submerged. 



* = 3' 



« = A- 



2 A» - A^» 

3 A« - Aj« 



[30] 



[31] 



The horizontal distance of the centre of pressure from the centre of resistance of the base is 

y = 07 (} -f g) — ^— , where r^ A is the batter of the back of the wall, and x and q as before. 

If then, P be the total thrust against the wall at back, and ^ the angle which its direction 
makes with the horizontal, the expression for the resulting moment is 



M = P (« COS. ^ — y sin. ^) ; 
or, if H and Y be the horizontal and vertical components of P, 



[32] 



[33] 



The^ Shock of a Current is an overturning thrust that may sometimes, as in weirs, have to be 
taken into account, in addition to the hydrostatic pressure. The pressure of a current against a 
plane at right angles to its direction is proportional to tiie area of the plane, and the height due to 
the velocity of the stream. 
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In these two last cases, when the centre of gravity of the section is over the inner angle of the 
base, ^ = i; 



H 



[40o] 



4. Trapezoidal sections, with a determinate face batter, Fig. 6498. Let t be the top breadth, 

^ " \T ■*■ ""6"; a; (x + • 



x + t 



2x 



=a/: 



' 2H 2rht'\-fi ( rh ty _ ( rh t\ 

St^.C^-i)" 3(?-i) ■^\6(z-l'^2; \6?-l'*"2r '- J 



When a wall of this section is plumb faced, r A = ; 



•• 2tr,(5-^) + \2; 2 



[40e] 
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..rh.. 




rn*.^ MF^ 





5. Trapezoidal sections, with a determinate hack batter, Fig. 6499. Let r' A be the back batter, 

, ^[x — t ^r'h\ J? + 2 « 



n = -X — » 



2x 



. = < 



2H 



2r'A + ^ 



(I- 



When a wall of this section is plumb backed, r' A = ; 



Qq 



rh \« /* rh 

+ 1/ " \2 ~ 



6^ 



h)- 



[40F] 



_ W^ 2 H -f «g | <' ^ _ i 
""" 3irj(j+J) + 2 2' 



[40g] 



TVans/orma^ion o/ Profiles.— 'RBXi^nne points out that a portion of the outer face of a rectangular 
wall maybe removed without in any way influencing the statical stability ^of the wall, provided 
that the vertical let fall from the centre of gravitv of the part taken away does not pass behind the 
centre of resistance of the wall base. This produces a trapezoidal section, and therefore economy 
of design. 

In Fig. 6500, suppose the triangular portion C D E of a rectangular profile A B D to be removed ; 
then, if its centre of gravity g be vertically over O, the centre of resistance of the base, the weight of 
the mass G D E can have no influence on the stability of the wall, and we have a tnipezoidal i«ction 
A B D E of equal moment of stability, as regards the point O, with that of the rectangular section 
A B C D, and also of the same breadth of base. 



LetEA=:<; CE = rA; DB = ar; then 

< = a?-3ar(J-^) = (3?-J)x, 
rA = 3ar(J — 9) = a: — <. 



[41] 
[42] 



Therefore for 



1 
^ = 6' 



2 
11' 



1 
5' 



2 

9' 



X 

22' 






X 
10' 



X 

6' 



r A = x. 



21 9 
22'*'' lo""' 



6^' 



1 

i' 

X 

4' 

3 

4^' 



1 
3' 

X 

2' 

X 

2' 



3 

8' 

5 

8^' 



•x» 
8 ' 



7 

16' 
21 
16"*"' 



— X, 

16 ' 



1 
2 

X, 

0. 



When q is less than ^ the rule is not applicable. 

Yauban's rule for the transformation of proflles is, that a rectangular profile may be converted 
into one of equal stability, but with a face batter, by making the face line of the rectangle revolve 
on a horizontal axis at ^ the height of the wall. This rule holds good with an error less than -^ 
part, while the batter is not greater than ^ the height and ^ part when the batter is greater. 

The Table for the thickness of retaining walls of various batters, given in Molesworth*s Pocket- 
Book of Engineermg Formulae, is based on the above rule, combined with equations [29] and [40] 
of this article. 
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Practical Design and Cohstruction. — The foundations of retaining walla should be partioalarly 
seouro, and especially so in walls with battering backs ; because, as our theory points out, the 
vertical component of the pressure of the material retained adds to the pressure of the structure on 
its base. 

In order to distribute the weight over a greater area, and also to bring the centre of the base 
more nearly to coincide with the centre of resistance, the masonry in the foundations is usually 
arranged as steps ; the width increasing by a series of offsets. In all cases where the ground is soft 
or treacherous, care must be taken that the greatest intensity of the pressure shall not exceed the 
power of the strata to resist compression or displacement. In such situations the maximum of 
statical stability will be gained by using light materials, such as brickwork ; or by adopting a form 
of hollow walls, as used by Ronnie at Sheemess, and by making q, in the formula* as small as possible. 
The centre of resistance of a wall under water-pressure may be mside to coincide with the centre 
of fi^re of the base by making the profile that of an isosceles triangle whose base angles are 35^^, 
the breadth of base of such wall will be 1*414 times the height of wall. Unless the coefficient of 
friction exceeds 0*25, the weight of a cube foot of the masonry of a dam of this section must exceed 
145 lbs., otherwise the wall may slide forward. 

When the frictional stability is doubtful, the foundation bed must be excavated so as to incline 
from front to roar of the wall, thus placing the structure as it were on an inclined plane, up which 
•it must be forced by the pressure from behind. At the same time every possible expedient should 
be adopted to drain and thus render solid the strata both in front and rear of the masonry ; whUe, 
when the ground is obviously insecure, piling must be resorted to, the piles being driven with a 
rake or batter, so as to be perpendicular to the plane of the bed of the foundations ; or, redan-shaped 
excavations may be formed in the bed so that tlie masonry ma^ key itself therein. 

The wall on the Birmingham, Bristol, and Thames Junction Hail way, 150 ft. of which moved 
bodily forwcuxl 10 ft., the wall still standing, is an instance of failure from insufficient frictional 
stability ; Yignoles considered the exciting cause to be an unexpected accumulation of water at the 
rear of the waU. Huntsbank wall on the river Irwell, which was forced into the water, is another 
instance. This wall was built of ashlar, and was 20 ft. high, 8^ ft. thick at top, and 5 ft. thick at 
bottom, with counterforts. 

Form of Prq/?fe.— Walls are built of numerous forms of profile or cross section, varying from the 
rectangular to the triangular. A triangle is that figure which is theoretically the most economical ; 
and the nearer that practical conditions will allow of its being conformed to the better. 

All other things being equal, the greater the face batter, the greater will be the stability of the 
wall ; but considerations connected with the functions of the wall limit the full application of this 
condition, and walls are usually constructed with only a moderate batter on the faoe, the diminution 
towards the top being obtained by a back batter worked out in a series of offsets or steps in the 
masonry. 

Weirs generally batter very little on the face, in order that the water may spill clear of the 
masonry, out of the joints of which it would be likely to wash the mortar. A very largo face batter 
promotes the action of frost on the pointing, and also facilitates the growth of vegetation in the 
loints, which is often highly injurious. The filling at the back rests on the steps forming the back 
batter, thus adding to the stability of the wall ; and if diy rubble be hand-packed over these offsets, 
the stability will be very nearly as great as if the wall were built up plumb at back of solid masonry. 
In brick walls these offsets are usually reddened in half bricks. 

A common practical rule for the form of wing wall of bridges at the back is to carry up the 
base thickness for one-third the height, and thence diminish off to the top breadth by offsets. 

Curved forms of profile are often adopted in brick walls, and especially in walls for dock and 
harbour work, whore practicallv the curved batter suits the shape of vessels lying aloogside the 
wharfs, and it is considered to have a superiority in throwing back the crests of waves striking sea- 
walls. The effect of a curved profile, as in Fig. 6509, is to increase the statical stability of the wall 
by throwing back its centre of gravity, and this increase over a rhomboidal section with rectilineal 
batters is in the ratio of 4 to 3. A curved wall may possibly offer a slightly greater resistance to 
bulging in its lower parts ; but, as Arthur Jacob has pointed out, it cannot act as an arch, having 
only on^ abutment ; and it has little in it to counterbalance the disadvantage of being a much more 
expensive form to construct. The radius usually adopted for the curved face of a wall is three 
times the height of the wall. It will be found that if with this radius the centre of the curve be 
taken in the horizontal through the top of the wall, the batter of the chord of the arc will be very 
nearly one-sixth of the height. This good practical relation is probably the origin of the rule for 
the length of the radius. 

27ie Masonry of Walls. — Where the foundations are reliable, the weightier the walls can be made 
the more stable they will be, so that for the masonry of well-founded walls, heavy stones, such 
as granite, basalt, and limestone will be preferable to brick, or the lighter stones. The action of 
destructive agencies, and the intensity of the pressure being greater towards the face of the wall, 
has led to the use of a superior class of masonry in this pait, the ashlar, or block-in-course facing 
being backed with rubble, brick, or concrete, for the sake of economy ; but such combinations must 
be introduced with tiie greatest caution and skill, so that no unequal settlement, and consequent 
separation of the facing and backing, shall be likely to occur. Ix>ng headers should be plentifcdly 
introduced, and the work should not be run up too rapidly. The superior class of masonry used in 
the facing should reach back into the wall to a sufficient distance, so that the intensity of the pressure 
on the masonry at the junction of the facing and backing may be well within the safe limit of 
resistance of the weaker materials. 

The use of concrete for the interior of walls under water-pressure is common because of the 
greater thickness of such walls, and because of the greater density and impermeability of well-made 
concrete. Care should be taken in settling the proportions of the materials of the concrete that the 
lime shall fully occupy all the interstices of the shingle, sand, or metal used, and that it shall 
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orete. ThLi waU hM a rather narrow margiu of atobmty, and oonaoqnently hu shown Kane ili^t 




Fig. 6506 repiNenta a wall at the SDnderland docka. 

The Tivei wall of the Bristol dooka, by BninleeB, is shown by Fig. 6507. II oooBiBta of masonry 
being, with a ooro of ooncrete. The rnbble ie of atouea 12 in. on bed and i in. in thiokneu, with 
throQgh atonoa at iaterrals. The wall is 109 yds. hug. 

Fig. 650B ia the river wall at the GrHngemoatb taaibonr, by John Macneill. It has a onrved 
face, and the connterforte are 5 ft. broail and ^4 ft. apart from centre to oentre. The wall ia founded 
on, and bached with, coDcrete. The following ia an extract from tlie spcoiflcationB of the work ; — 

" The foottnga to be in large sizee, the stones not leea than from 4 to 5 fL by 2 to 3 ft., and 12 in. 
thick, of good tough quality, si^aared and fair-worked breaking joint with each other. 

" The wall to be carried up in courses voryiog from 12 to 15 in. in thickness, and the sizes to 
be aboDt 3 ft 2 in. by 2 ft. for headers, and 3 fL by 1 ft. 6 in. for etretohers, and to be laid two 
sttetchets to one header, and properly bonded together, 

" The whole of the outer stone to be carefolly selecled as to qoali^, and to be laid on its mttnral 
or quarry bed, the upper and lower bed of every stone to carry its full thickness from front to back, 
BO uiat the Ijcariug above and below may be perfectly eqnare and level tbronghont; no phining in 
loTelling will be allowed ; each etone to be brought Snuly to its bed by a wooden mallet The top 
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Fig, G513 ia the BoctioD of a retnining wall an tho DnbliD and Eingatown Bailmi;'. 
Vi^. 6S14 is the section of a dry-atone retaining wall, adopted on an Indian gbaat load. The 
' rtone i» hesTj basalt, carefullj selected, and set with chip primjiiga. 

An example of a surcliarKed retaining irull la shown in Fig. 6515. The wall is used to Bvpport 
the fbce oF a oatllng on the Dublin and Kingstown Boilway. 




Fig. GSIti is the eeolion of a letomed vrmg 
wall, Uiat is, a wing carried bach inlo tlio cm 
bonkmonts in a line with the faou of the bridge, 
on tho Ciydacb Valley Bail way. A wing wall 
of this claaa does not ret^ivo the thruut of the 
whole prism of earlh behind, owing to tl e near 
noes of the opposite vmll, and it is also gtrcnuth 
cncd b; (he slope of the embanliDiont wh ch hoi 
oDtside it- 
Fig. 6517 is the section of an ordinary at e 
wing wall from an examplii nf a bridge on the 
Great SoutlierQ and Weatern Railway, Ireland 

Fig. fiSIS 19 the Bcction of a brick wing wall A p< cnliai 
placed behind Co calcli the piessuro of the earth. The couni 
6 ft. 9 in. apart from centre 1o centre. 

Cmntcrforta are projections of the iniisonry of the back of the wall, occurring at iiiterrnlB of froin 
10 to 20 ft. 1'hey are geiurally rectangular ia plnn and olcvntion. bnt they otcasioiislly may be 
trapezoidal. Connterforta act by their wtight in increaiting the stability of wall?, and as they niny 
be considered to liang on iit the back, tho bond n( their junction with the wall mnst be earefully 
attended t<>. Rod long Ijeaders. with hoop iron in Ihe upp<.-r courses, should be used to biTid them to 
the wall. Provided thin a atlendid to, the nissoury of the connterfort it^lf may be of the most 
economical charaatcr. The gecuritj, therefore, of their foundations is a mnttf^r of seoondiiry import- 
ntioe, ea counterforls should be made to depend for support chieSy on their cohesion to the wall. 
This principle we see frequently cjrried out in practice at tho rear of the abntjncnts of railway 
bridguH, where the r<iundatione of counterforts are placed almort on the Burf;>co of the ground 
' ' In order that the moment of tho weiglit may have tho greatest tsJuo, 

ceire any batUo*. 
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Long thin aannterfbrta are conridered to aot advantageously 1^ bR«kIiig Dp the preesnro of the 
earth; and Hops conoelved that a wall migbt become a more aheU, exposed to hardlj any preasore 
if the earth were mpported bj ita friction againat the sides of long, bat thin and frequent, oaunter- 
forts. The eitension of this principle ia the introduction of relieTing arches, described farthet on. 

Connterforta are espociaHy nseful for railitary woika, where they limit the destructive effect of 
projeetileH to those panels of the wail actaally struck. The spacing of cqnnterforts ia usually 
detonniDed by the practioe of engineers, which makes it about three times tlio thickDeaa of the wall 
between r or, it may be obtained by solving the equation for the stability of a countorforted wall 
in tenns of L for an assumed breadth of wall and given dimensions of counterforts. 

Bobdelet gives a rule for the dimenaions of oounterfoits that Ihey shonid have the same length 
of Ekce c. as the breadth of the wall, and their projection should be twice this dimension. In other 
words, c s! X, and i = 2 j^,. The stability of a oounterforted wall is calculated by taking the Bum 
of the moments of both the panelled and the oounterforted portions of the wall round the reapeclire 
limits of deviation of the resultant from the centre of the base, just as in uniform walls, and dividing 
the stun by the length of wall. In Figa. G519, 6520, let L be the length of wall between the 
ooanterforta ; c the length of one counterfort along the line of the wall ; i the thickness of the 
coonterfort perpendicuLir to the faoe of the wall ; z, the thickness of the wall independently of 
the counterforts. 

Il«l.,JlL,i' + .(i+.). «(» + .)} -^(1. + * 



=vci: 



^{jH^r- 



The nnit of length is here L + e instead of 1 ft. a 
"" ' ' " " igbythe 

iniform i 






nznj 



Selimiag Ardies are sometimes built on the oounterforta. as pien. Their object is to carry the 
whole of the superincumbent filling, so that none of the.cartn pressure may oome on the wall, which 
therefore becomes a mere shell blocking up the faocs of the arohoB. The arches may be in one or 
more tiere, the length being regulated so that the nutural slope of the earth touching the crown of 
the intradns of the arohos aball not cut the back of the wall, over the eitrados of the arches in the 
next tier below. Fig. «521 represents a Bection of such wall with two tiers of arohea. Fig. 6532 
shows the back view of aame. 

To oompute the length of the arches and counterforts, let d bo the depth of the trown of the 
»«;h below the surface, h, its dear height, fl the angle of repose of the earth ; then, approximately, 
the length fa 

[45] 



= «"«"«(*'+(n^i^) 



In soR ground the bases of the counterforts may bo connoctcd by inverted arehca. 

Suitrtiatt differ ttttm counterforts in that they are projections ^\»ixA in front of the wull, and 
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act by incTeMliig the leTerage of the wsJI. The whole mass tends to tnm orer the onter edge of 
the bnttrewea ; therefore tbe inteneitr of t)ie preastuo thioughout their subetanoe la Tery great; 
and oongaqnently their fonndations Bhoold be made very secure, and should present a« well the 
greatest poBsible rasiatance to compreBsibilit;. The fonndation beds, bb well ae the coorBing planea, 
■hould be at tight anslee to the reBultant preaiaDre. The auuonry should be of the beet descriptkm, 
and the form should be triangular, the bond at the jaurtion with the wall being well secured. 

Uuttresses are more economioul than oounterforts, but thej can otslj be used where there is a 
free space iu front of the wall, and where the question of spaoe oi value of land presents no 
difflonlty. They are also inapplicable in qua; and riTer walls, where face projections woold be 
incoDveuient and dangerous to Teasels. 

Tbe stability of a buttressed wall is thus caloulatad ;— Let L, Figs. 6521, 6525, be the length of 
wall between buttresses ; c the length of buttress along iU hce • i Its thiolmsss or projection bt»a 
the face ; x, the thickness of walL Then for a veirtioarTeotangniar section of wall, with triangular 
buttresses if the moment be taken round a deviatioD q t bom the centre of i, 



_-v/"2 H l + 6t 



,_^,/ 4H(L + c) Sar'CL + c) (8 + 6j/L + cU* 8 + 6g L + e 

3«,(I + 69) (l + 6j)<J "^U + egV. fl // . 1 + 6? o '^^ 

If the buttreeaea are placed eloee together, the panel between may be formed by an arch of 
only a couple of feet in thioknee^ and of small versed sme. Betaining walls have been so 
oonstmotea on the Metropolitan railways, F' -""" 

The stability of such a structure, Figs. 
6524, 6S25, may be calculated by the same 
formula as that used for a buttressed wall 
without much error : and if the weight nf 
the aroh be neglected, the following simple 
formula may bo need for rectauguar but- 



«,zhcq» = - 



-(LH 



3«.,5' 
For triangular buttreesee ; — 




'- ",(l + 6j) ■ 

If tbe weight of tbe arch is taken into 
acooant, the formuln [17] and [48] may be 
nscd without appreciable error. 

Land-liet and StmU are of the natnre 
of artificial counterforts and buttresses, and 
have been adopted as a supplementary i 
measure to strengthen walla which have 
shown symptoms of failure. 

Land-ties act as anchors at the backs 
of walls, and consist of iron bolts passing 
tbiongh the masonry, and attached to the 
oentro of pressure of large iron plates im- 
bedded in the solid earth behind the wall, the pressure being distributed o' 
by broad washers. 

When intended entirely to resist the sliding of the wall, land-ties are fastened at one-third the 
height of the wall ; but if the sliding is to be resisted equally by ties and the foundations, they 
should be placed at two-thirds the height obove tbe base. Their position is therefore Indicated by 
the^mptoms of failure observed. 

The following reprosents the holding power of land-tiee ; — Let W be the weight of a onbio foot 




it the face of the wall 



s! W — - — ■ ^ . and the position of the centre of pressure of the plate* at which point tbe 

Toils should be attached, is^;; — ~i measured from the rufoceof the ground. 

Strata, either of masonry or cast iron, may be used to prevent a wall from coming forward. They 
may abut against a mass of masonry snnk in tlie ground in front of the wall, or if in cuttings, 
against the opposite walL Tbcee stratting the foundations may take the fonn of inverted arches, 
while the upper parts of tbe wall may be held apart by arched ribs of Ifuvo curvature, springing 
at a point two-thtrds of the hmght from the hue. The expediency of adopting this method of 
adding to the stability of a waU as a primary deaign, should be determined by the oo«t of such 
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tioDB made by him on tho river Dee, between Flint and Chester, a diBtance of eleven miles, show 
conclusively the oxintonce of the elevated level and the necessity for accurately ascertaining the 
form and position of tho tidal lines. Fig. 6526 shows the height of the tide at Flint, Gonnah's Quay, 
and Ohester at a given time. The full lines are those .which were ascertained by observation ; 
the dotted lines indicate the probable direction when, for want of additional stations, they could 
not be certainly determined. 
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The tide, as will be seen from the figure, began to rise at Flint at 8 hours 40 minutes; 
at 10 hours 15 minutes it had risen 12 ft. 8 in., and at that time had just appeared at Oonnnh's 
Quay, tlie surface of the water at Flint being 5 ft. 4 in. above that at Connah's Quay. At 
11 hours 20 minutes the tide had risen 18 ft. 4 in. at Flint, and was one foot above the level of the 
water at Gonnah's Quay, and 7 ft. 10 in. above that at Chester, where the tide had just begun to 
appear. Thus, whUe at low water there is a fall of 11 ft. from Chester to Flint, there was, 
at the time above mentioned, a fall of no less than 7 ft. 10 in. on the surface of the water from 
Flint to Chester. At 12 hours 10 minutes it was high water at Flint, and at that time there was 
a fall of 1 ft. 7 in. to Chester ; but the high water at Chester did not occur till one o'clock, by 
which time the water at Flint had fallen 2 ft. 2 in., and the fall on the surface of the water from 
Chester to Flint was 3 ft. 1 in. Fig. 6527 shows the lines of ebb tide on tho same day. It will be 
seen by referring to this figure that the water subsides gradually, and that the tidal lines approach 
much more nearly to narallelism and horizontality tlmn during flood tide. The upper lines of 
those figures correspona with the tidal line when it is high water at Chester. 

These facts show the necessity of carefully observing the effects of the tide previous to under- 
taking soundings and borings in the tidal portion of a river. A simple and effective mode of 
conducting these observations is to erect at proper intervals throughout the portion to be surveyed 
a number of tide-gauges similar to that shown in Fig. 6528. These are merely 1^-in. planks, from 
5 to 7 in. broad, and graduated to feet, halves and quarters. A moro minute division would only 
prove embarrassing to the observer, especially when tho gauge is situate some distance &om 
the bank. Considerable judgment is required to select proper stations for these gauges. Disturb- 
ing influences, such as enlargements and contractions of the streams, bonds, inequalities of bed, 
and exposure to the action of the wind must be considered and the gauge placed so as to detect 
and correct them. In selecting a station, care should be taken to placo the gauge in a conspicuous 
position, that is, with a bank, quay, wall, or other structure as a back-ground, so that the divisions 
may be clearly seen. Of course, the greater the number of stations, the more correct will the 
result of the observations be ; but it is hardly practicable to multiply them beyond a very limited 
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iramber, bj reason of the difSoalty of obtaining and snperintending a large number of men to 
make the obeeryationa. For U is evident that unless the work is carefully performed and 
precautions taken to oorrect variations of time among the numerous observers, the results must be 
erroneous. For this reason, it is better to have only a few well-selected stations, and to make the 
soundings during the ebb when, as the example quoted above shows, the lines are more nearly 
parallel. The observations should extend over a period of twelve hours at least, and they should 
be taken every ten minutes, and entered in a book provided for that purpose. When a sufficient 
number of observations have been made, it only remains to ascertain the relative levels of the 
gauges. This is an ordinary levelling operation, but it requires great care, and, to avoid error, 
iliocJd be performed at least twice. 

We shall now show how these tide-gauges are made use of to correct the depths of the 
sonndings. The datum line to which the depths are reduced is usually that of high water of an 
ordinary spring tide. Let D be the height of this line upon the gauf^e. Suppose now a sounding 
taken near the gauge, aud let d be the depth of that sounding. If H be the heiglit of the water 
upon the gauge at the time when the sounding is taken, the corrected or reduced depth 9 = d + 
(D — H). When H exceeds D, which may happen in the case of an eouinoctial tide, the formula 
becomes B = d + (H. ^ D). This formula g^ves true results fur deptns near the gauges, but 
might Ir-ad to considerable error in those at a distance from the gauge, in consequence of the tidal 
lines not being parallel to the line of high water. The obvious remedy for this is to increase the 
number of gauges ;- but as we have already pointed out, there exist difficulties which render this 
impracticable. The odIv means of avoiding a liability to error in this respect is to take the 
soundings daring the ebb when, as the above example shows, the tidal lines are most nearly 
parallel to high water. 

The method of taking the soundings is very simple, but it demands great care on the part of the 
operators, as slight errors of obseirvation may occasion serious errors in the protraction ot the work. 
To perform the operation satisfactorily, a boat is requisite, manned by three men, two to row the boat, 
and the third to steer her straight across by keeping two objects on the opposite bank in line. One 
observer is then free to take the soundings, and the other to observe the angles for the purpose of 
fixing the positions and to register the soundings. When the depths do not exceed 10 ft., a light 
iron rod is preferable to a line to sound with; it should be graduated in the same wav as the tide- 
gauge described above. The soundings should be taken in straight lines across tne river, the 
oistanoe of the soundings apart as well as that of the lines of soundings, being determined by the 
d^ree of accuracy required. It is, however, in all cases desirable to take them more frequently 
in the low-water bed of the river than between that and the shore, as this g^ves the greatest navi- 
gable depths, shows the rise of the tide, and is required in the longitudinal section. Sextant 
observations are requisite to fix the positions of the lines of soundings. When the river is narrow, 
it will be sufficient to fix the extremities only ; but in broad estuaries, several observations will be 
required along each line. The mode of registering the observations and soundings in the field- 
book is as follows ; — 
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In the above register onlv one observation is recorded. It would be necessary, however, to take 
another at the opposite bank, at least ; but generally it would be desirable to take one at every 
four or fiYe, sounoings. In some cases, it is requisite to take an observation at every sounding. 
The fall from the da&m line to the surface of the water is ascertained by the ordinary process of 
levelling. Fig. 6529 is the section of the river, as protracted from the above register. In order to 
lednoe uie sonndings to low water, and to determine the height of sand-banks above the low-water 



line, a line ihonid be taken M low irnter along tlie niddle of the low-water ohaunel, thtonghoai 
the whole oitent of the aurrej. TbU U done bj rowing gentl; down the etream and taking tha 
EoandlDgB at regiUar intermla in the manoei deecribed above. The intertalB maj be detetmined 
with sufficient accuracy bj oonnting the stroke* of the oare. 




probing. For it U by this meaiu that the nature of the bed ia aacertained. la deepening a ri . __, 
for example, It ftmiabea the data for determining the Hue of the excavation, the most Buit^le 
means of executing the work, and the probable oost. And in Beleoting a aite for a pier, or other 
eDgineering Btmctnre, boring oonstitates the only siailable meana of ascerlaining the foim and 
oompoBition of the ground which ia to aerre aa the foundation. 

The mode of carrying out boringa of Ibia nature la yery aimple ; bnt it demanda the greateit 
care to acoid erroneoua reaollB. And it mnat be borne in mind that a slight error committed in tiiit 
operation may lead to very serious oonaequencee. The moat oonrenient time for making the borings 
Is at low water. The places at which the borings are to be made and the inlerrals apart should be 
all determined before beginning the actual operations. In making tbe selection, the engineer must 
be guided by the objects of his investignbona and the character of the river^s bed. When the 
aorrey ia made aolely with reference to the improvement of the navigation, aectiona are, in general, 
required only where fords or aboals occur, and in auch caaea one or more lines of aecUon will be 
decided upon, aocordiog to the extent of the shoal. In other cases, where the bed is irregnlar, and 
rock ia found at intervals, either bare or covered with a few feet of sand and gravel, nnmeroui 
sections will be neoesaary. The positions of the lines of section should be muked by a stake, 
which stake should be placed with reference to the datum employed for the soundings, so that the 
depths of tho boringa ma; be referred to that datum. It will be neceasair in all cases to erect a 
tide-gauge previous to commencing boring operations to indicate any change of level that may 
occur while the work is being cam^ on, 

A section of the bank from tbe stake to the edgo of the water is flrat made in the usual way 
with the spirit level and rod. Tbe borinffs are ^en tnken at intervals of 10 ft. and upwards, 
according to the nature of the bed and the object of tbe inquiry. To ensure accuracy and nnifonuity 
in the intervals, some engineers stretch a cord, graduated to Uie proper intervals, across the river, 
and support it upon rods driven into the bed of the river for that pupose ; the section of tbe 
opposite bank from the water's edge to the bigh-water line is made in the same wa; aa the first 
portion. 



The borings, or mare strictly making, probings of the bed of the river are made with iron rods 
1| in. in diameter and about llj ft. in length. They should be steeled at tbe points, and graduated 
to feet, half-feet, and quarters with chisel marks. The mode of working tnese rods ia to jianp 
them into the bed of the river from boals, unless the material to be bored through be too hud to 
admit of this, in which mae they are driven with a light hammer. When a difficulty is (bund In 
extlioating them, a purchase may be applied from the side of the boat. 

The depths of the borings must be regiatered as they are tnken, and afterwards corrected 
with reepeol to the datum. To ascertain the depth of the boring, it is only necessary to deduct that 
of the water froni the total length of rod immeraed. The following is the manner of keeping the 
fleld-book nsnally adopted, the fall from the datum line to low water being S fL 9 in. ; — 



Depth olWUar. 


OorTKlrf Depth 


DklUKU. 


OoTTKted Dep«h 
of Bortog below 




DepUi of Boring. 


ft. in 


ft. In. 


fHt. 




ft. tn. 






11 9 


100 


13 1 


I 4 


throng gravel to rock. 




11 11 


110 


14 1 


8 2 




8 7 


12 4 


120 


14 4 
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14 2 
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8 2 
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14 7 
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11 9 


150 


IS 5 
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11 9 


160 


15 7 


3 10 




7 10 


11 7 




15 7 


4 
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10 9 


180 


15 8 


4 6 




6 4 


10 I 


190 


11 5 


4 4 






8 2 


200 


14 


5 10 








210 


13 11 


8 2 
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The borion Id this oaaa am upon the same line of Motion u Ibe aotindingei In the lut flgnn. 
Pig. 6530 is the section u protnotad Erom the aboTB regiiter. The borings were ooutinoed from 
the low-water to the high-water line. 




The diKhnrge of a stream ia nenall; eatimated b; the nmaher of oubio feet of water that pasaee 
along its channel in a given time, as one second. To detennine this quantity, it i< neotusary to aaoer- 
tain the mean Telocity of the Btream, the dischargie being equal to the prodaot of the area of the 
aeotion by the mean Telocity. The area of the notion is found by the soundings ; but it is eaaeutial 
to acetiraoy when eompntiug the diacbargs, to aelect a section at ■ point in tlie stream where the 
eqmible flow of the water is not dLatnrbed by great inegulu-ittes of the bed, or by unnanal impedi- 
ments. The Telocity of a stream is greatest at the Burfafe and at that point in the sorfaoe which 
li aitiiate oTer the greatest depth. It decreases gradually towards the b«d and the banks in oon- 
MquDce of the friction of the water upon their surfaces. When the section of a stream ia nnlTorm, ' 
the mean Telocity may be deduced at ouce from the greatest Telocity by a simple formula. In 
rifen, howoTor, wo neTer get a uniform section, and it becomee, therefore, necessary to findjby 
dfnot experiment, the greatest Telocilies at several points in the breadth of the stream. The 
•ection obtained by the soundings shows the breath divided into a number of equal lengths by 
the Iine« of sounding. We haTs, then, only to Bnd the greatest or surface relooity in the middle 
of each of these lengths, and to deduce from it the mean velocity in that portion of the stream 
wbioh is enclosed by the two sounding lines. The area of this portion multiplied by the mean 
velocity will give the discharge in that portion or compartment of the section. The sum of the 
ptodocts of all theee elementary areas by the elementary mean velocities, or the product of the total 
uea of oiDBS-Bectioo by the mean Telocity, as a mean of all the eleroenlary Telocitiee, will be 
approximatively the discharge of the river. We say approximalicety, because it is impossible to 
obtain a formula that shall give the mean velocity exactly under all oircumstunoes. In large 
riveiB the mean will be higher than in email streams, and there will always be local disturbing 
inflnences, the action of which cannot be included in the expression of any general formula. It is 
obviooB that the approximation will he in proportion to the smallness of the diTisions or elementary 
areas described above ; but in praclice it is seldom necessary to determine the discharge with great 
jaeaaaa. It will generally be sufScient, when the soundings are taken at small intervals, to make 
the area between three soundings the elementary aiec^ and to determine the velocity at every 
■eocmd sonnding. 

SeTCral means ore employed to determine the snrfaoe velocity. The most simple is to Dote the 
time of transit of floating bodies oTer known distances. For this purpose, very light bodies must 
be selected. Bat this method is liable to error, by reason of the irregularities and eddies of the 
current, caused by irregularities of the bed, and by the inQueuce of the wind upon the float. There 
kre alto difficulties in employing this method on broad riTers where the float cannot be observed 
from the bonks. A more trustworthy means of ascertaining the Telocity is the tachometer. This 
is a small instrument provided with fans, like those of a windmiU, to which motion is communi- 
cated by the water. The Telocity is deduced from the number of revolutions of the axle. This 
instnunent can be used at any depth. A still more aceurate instrument is Fitot's tube as modified 
b7 Daroy. We hsTe fully described it in the article Hydraulics. Like the preceding, it may be 
Dsed for any depth. 

Wbeo the surfaoe Tclocities haTC been ascertained, tha next step ia to redaoe them to mean 
-velocities. This is readily effected by means of the following rule, dne to Dnboat ; — 

" If unity be taken from the squaro root of the surface Telocity, expressed in inches a second, the 
aqnare of the remainder is the vetocity at the bottom, and the mean veloci^ is half the anm of these 
two." 

Thus, let a be the lurfaoe velocity, $ the bottom velocity, and 7 the m 



TThen ^ = (Va - 1)*, and 7 = 



I velocity, all in inches. 
Henoe we hare the following formula fbr deducing the 



D Telocity directly from that observed at the enrfaoe ; 



K^/°-iV 



By means of the tachometer, or Daroy'a gauge, the mean velocity in eaph of the divisions or 
fiartial areas of the section may be determined without the aid of formula. To do this, it ia only 
MeooBsary to mcASore the velocily at several points in the depth of the stream and to take the mean. 

When a close approximation to the true discharge is not desired, the quantity may be found 
Ttrtax formulie, without resorting to the actual measurementa described above. By this method the 
mean velocity is computed from certain measured quantities of which it is a function. There are 
two cliiiM of tiwmiiln ptopoaed tor this purpose, llioae of one class ate based upon the supposition 
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of uniform motion, and thoee of the other class upon that of permanent motion. The former requires 
that the cross-section of the channel shall he invariahle and the slope of the fluid surface constant 
In other words, if we suppose the stream divided into straight filaments, parallel to the direction of 
its motion, the velocity may vary for different filaments, but not at different points in the same 
filament. According to the theory of permanent motion, on the contrary, the cross-section and slope 
of the fiuid surface may vary, bat the discharge through the different cross-sections must be iden- 
tical ; that is, the stream is supposed to be divided into filaments parallel to the general direction 
of the motion, varying from point to point in diameter, and therefore in velocity, but unvarying in 
discharge. 

Evidently the latter supposition is more in conformity with the actual condition of rivers, but 
the formulae which are based upon it differ from those for uniform motion only in containing an 
expression that takes into account the changes of vis viva caused by changes of cross-section. Con- 
sequently, if these variations of cross-section are unknown, the only distinctive terms between the 
two formulcB disappear. As this is generally the case, formulie for uniform motion are almost 
exclusively employed. Numerous formulsa of this dass have been proposed by eminent hydraulic 
engineers, and it must be confessed that the results obtained from them are confiicting. Borne of 
them, however, give results pretty near the truth. Among these, the simplest and probably the 
most accurate, is that of Ghezy, and it is the one now generally adopted for large bodies of vrater in 

rapid motion. This formula is the following ; V = B fj~r7^ in which V is the main velocity of 
the river in feet a second, r the hydraulic mean depth, s the sine of the slope, or the fieJl of the 
water surface in one English foot, considering the channel straight and nearly uniform, and B a 
certain coefficient. 

The value of B as adopted by Chezy is not known, as it is not found in any of his papers ; but 
sevenil different values have been asbigned to it by subsequent engineers. Thus Young, for large 
streams, adopts 84 * 3, Ey telwein, 90 * 4. D'Aubuishon, for velocities over 2 ft., used 95 * 6. Leslie, for 
small streams, adopts 68, and for largo streams 100. Beardmore uses 94*2. Neville, for straij^ht, 
rapid rivers, with a velocity of 1 '5 ft., adopts 92*8, and for greater velocities 93*3. Stevensonf for 
small streams, adopts 69, and for large streams 96. It will be seen from this that considerable 
diversity of opinion exists cunceming the value to be assigned to B. The reason of this lies in the 
fiEUit that what is true for a perfectly uniform channel, like that prepared for purposes of experi- 
ments, is not true for an irregular channel like the natural bed of a river ; and engmeers in trying 
to adapt the value of the coefficient found for the uniform channel to the requirements of a natural 
river, have been thrown back upon their own experience. And as no imiformity exists among those 
numerous influences which affect the flow of a natural stream, none was to be expected in the con- 
clusions arrived at. What, for instance, has been found to be true of the Mississippi, may be far 
from the truth in the case of such a river as the Thames. Hence the discrepancy shown in the 
values of B as determined by different authorities. A value, however, which will give a very 
closely approximative result when applied to the rivers of England, is 89. With this coefficient, the 

formula becomes 89 V r s, from which the discharge of the river may be easily calculated. 

It may be necessary to remark that care should be taken when gauging a river in a portion that 
is within the influence of the tide that no under- currents exist, as these would vitiate the results 
obtained from the mean velocity. The existence of under-currents may be ascertained by means of 
the instruments already described. 

The velocity of a stream is closely related to the stability of its channel. The wearing action of 
the current, against which it is one of the chief objects of engineering works to protect the banks, is 
dependent on the velocity of the water and tlie nature of the materials through which tlie channel 
passes. Some interesting experiments made by Dubuat show the relation existing between the 
velocity of the current and the stability of the channel, from various substances. He found that the 
greatest velocities close to the bed consistent with the stability of the following materials are — 

For Soft clay 0*25 foot a second. 

„ Fine sand 0*50 „ „ 

„ Coarse sand, and gravel as large aa peas .. .. 0*70 „ „ 

„ Gravel as large as French beans 1*00 „ „ 

„ Gravel 1 in. in diameter 2*25 feet a second. 

„ Pebbles 1^ in. in diameter 3*33 „ „ 

„ Heavy shingle 4*00 „ „ 

„ Soft rock 4*50 „ 



„ Rook. yariouB kinds of {Ld'up;arda 



II 



When the bed of a river is composed of such materials that the greatest velocity of the current at 
times of flood is insufficient to set them in motion, the channel is said to bo in a permanently stable 
condition. If the materials are of such a nature that the current is sufficient to move them only 
when swollen by flood-waters, the condition of the channel is described as stable. And when the 
materials are unable to resist the force of the current at ordinary times, the condition of the channel 
is unstable. Dubuat has shown that the bed of a river in an unstable condition presents a series 
of transverse ridges having a gentle slope on the up-stream side and a rapid slope on the down- 
stream side. The particles of matter, whether of clay or sand, are rolled up the gentle slope to the 
summit of the ridge, whence they fall into the next furrow. Here they remain until the removal of 
the whole of the preceding ridge leaves them again exposed. The motion of the particles produced 
in this way is much more rapid than we might suppose. Dubuat*s experiments showed tnat with 
a velocity of 1 ft. a second sand travelled in the manner described above at the rate of about 19 ft 
in twenty-four hours. 

When the banks of a river are unstable, the course of the channel is continually undergoing 
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change. If we auppoae the oonrae originally straight, it is evident that it cannot lone remain so, 
for a Yery alight obstacle is sufficient to cause a deviation of the current, which is thus directed 
against the opposite bank. This bank being unstable, is gradually scooped out at that point by 
tiie action of the current, and the earthy matter held in mechanical suspension by the water is gra- 
dually deposited in the stiller portion of the stream against the other bank. Thus, while one bank 
becomes more concave, the other becomes more convex, and in this way a bend is established. On 
issuing from this bend, the current is directed against the opposite bank, and another bend is esta- 
blishea in the contrary direction. This action is continually repeated down the stream, and is one 
of the causes of the sinuosity noticeable in the course of rivers. It is also evident that this sinuosity 
must go on increasing until stable ground is met with. 

There is also anoSier influence to which we must call attention, namely, the constant tendency 
of a stream to widen its bed. Other things being equal, the sides of a water channel resist tiie 
action of the current less than the bottom. But independently of this action, the banks are exposed 
to that of atmospheric influences as well as to that of gravity ; hence they crumble and fall, whilst 
the same action of gravity pressing the materials that form the bed upon those lying beneath, 
increases the friction, and so renders their displacement more difficult. Moreover, the earthy 
matters that fall from the banks are swept away by the current, leaving the gravelly portion to 
increase the stability of the bed. Thus the breadth of the bed of a river at any given point will, 
oomparativelv to its depth, be in proportion to the stability of the ground at that point. 

It must be borne in mind tUHt the sinuosities of a river alluded to above, by increasing 
the length of the channel upon the same absolute slope, diminish the relative slope and con- 
sequentiy the velocity of the current. The flow of the fluid mass being retarded, its breadth and 
height of surface wUl be increased, and hence may result inundations and injury to property. 
The diminished velocity also tends to establish equality between the force of the current and the 
resistance of tiie materials of which the bed is composed, and thus to promote stability. 

Intimately connected with the stability of a river's channel is the relation which exists between 
the Telocity of its current and the weight of the particles of solid matter held in mechanical suspen- 
sion. It has been remarked that the earthy matter scooped out from the bank by the force of the 
cunent directed against it was deposited in other places where the velocity was less. Also the beds 
of rivers, except in parts where the velocity of the water is very great, are composed of particles 
which have be^ brought down by the stream. As this deposition of matter changes the configu- 
ration of a water channel, it is important to know how rapidly it may go on, and how long it may 
continue. This is, indeed, one of the questions which, at the outset, claim the attention of the 
engineer engaged in designing river improvements. The earthy materials brought down by the 
water are obtaLied fh>m two sources. The first of these is the banks of the river and of its feeders. 
The particles seized upon by the current are carried along imtil they are whirled into a part out of 
the raroe of the cunent or until they come to a part of the river in which the velocity is reduced, 
where they are deposited. The heavier portions will thus soon come to rest ; the remainder, how- 
ever, may never bie deposited in the river at all, as the velocity may in no part be sufficiently 
reduced to allow the deposition to take place ; for the water never being charged to its maximum 
carrying ci^Nkcity /rom this source alone, a considerable reduction of velocity is necessary to cause 
deposition. 

The second and chief source of sedimentary matter is the surface of the country drained by the 
river. The matters obtained from this source are brought down the streams by flood-waters, that is, 
by the surface water which finds its way into them. The quantity of sedimentary matter poured 
into a river from this source may be imagined when we consider the turbid character of suriace 
water, especially i^ter periods of drought. Thus, in times of flood the river may be charged fully 
up to ito maximum capacity. Dupuit has demonstrated that the power of suspension is due to the 
dot that the different layers of water are actuated by different velocities, and thus exert different 
pressures upon different sides of the suspended atoms. Hence the greater the difference in the 
▼elocities of consecutive layers, the greater will be the power of suspension. Now it has been con- 
clusively proved by direct measurements that the change of velocity from layer to layer is, in hori- 
zontal planes, greatest near the banks and least near the thread of the current ; and in vortical 
planes parallel to the current, greatest near the bottom and surface, and least at a point about ' 3 
of the depth below the surface, where the absolute velocity has its greatest value. Consequently, 
if Uie water be charged to its maximum capacity with sedimentary matter, the greatest amount will 
be found near the ranks and near the surface and bottom, and the least amount near the thread of 
the cunent and near the layer 0*3 of the depth beneath the surface. If, on the contrary, the water 
be under-charged, the distribution of sediment will follow no law, and excepting the part near the 
bottom where, by reason of the suspending power being much greater there than elsewhere, there 
will always be an accumulation of matter, the quantity at any point will be determined by the acci- 
dental drcumstancee of eddies and other interruptions to the flow. 

When a stream is charged with sediment to its maximum capacity, it is evident that the slightest 
reduction of ito velocity wiU cause deposition. Thus, a projection of the bank, a bend, the abutmente 
of a bridge, or any sinular impediment to the current, causes a diminution of velocity in that portion 
of the stream which is most heavily charged with sediment, and the space above the impediment, 
as far as ito influence extends, silts up. An increase of breadth in the river channel reduces the 
Telocity of the whole current, and the suspended matter is deposited over the whole bed ; thus the 
height of the bed becomes raised. But, as we have seen, the suspended matters are not equally 
diafcributed over the stream, and therefore they are not deposited equally over the bed. Hence are 
produced deviations and divisions of the current, shoals, and frequently inundations. 

This silting up of river channels is one of the chief questions claiming the attention of the 
engpeer who proposes altering the channel in any way ; and he should ascertain, previously to 
designing any work that will aSfect the flow of the current, the quantity of sedimentary matter held 
in suspension by the water, both when the river is in ito normal and when it is in an abnormal 

8 M 2 
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condition, eo aa to be able to detennine beforehand the effect of reducing the Telocity in any part 
of the stream. Whether or not the stream is charged to its mazimom capacity will be shown by 
the existence or the non-existence of the conditions we have mentioned. A simple and tru s t worthy 
means of ascertaining the quantity of sediment in a stream is that employed by the engineers com- 
missioned by the American Goyemment to sarrey the Mississippi. For these experiments three 
stations were selected, two near the banks, and one in the midoie of the riyer. Samples of water 
were collected daily at surface, mid-depth, and bottom. These samples were secured in a small 
keg, heavily weighted at the bottom ana provided at each of its heads with a large valve, opening 
upward. These valves allowed a free passat^e to the water while the keg was sinking to the 
required depth, but prevented its escape while being drawn up. When the keg reached the 
surface, the water contained in it was thoroughly stirred and a bottle filled from it. On returning 
to the office, 100 granunes of water were accurately measured from each of the samples, and each 
parcel separately preserved in a precipitating bottle. After receiving six days' contributions, these 
bottles were set aside for two weeks to settle. The greater part of the water, then perfectly dear, 
was removed by a siphon. The remainder, after thorough shaking, was poured upon a double 
filter composed of two pieces of filtering paper of exactly equal weight. After becoming quite dry, 
the two papers were separated and pla^ewi — one oontaining all the sediment of the 600 grammes of 
river*water, and the other perfectly pure — in opposite sides of a very delicate balance. The differ- 
ence of weight, which was, of course, the exact weight of the sediment, was then accurately ascer- 
tained. These elaborate experiments were continued for fifty-two weeks, with the following mean 
results; — For the two outer positions, surfisice, *291 gramme; mid-depth, * 830 gramme; bottom, 
'379 gramme. For the middle position, surface, *291 gramme; mid-depth, *865 gramme; bottom, 
*376 gramme. Total, 2*042 grammrs of sediment in 600 grammes of water, or '84 per cent These 
results show that the water of the Mississippi is never charged to its maximum capacity. The 
above method of ascertaining the quantity of matter in suspension may be readily applied to all 
rivers. It will be sufficient for practical purposes to take three samples a day for two consecutive 
days when the river is at ordinary summer level, and the same number for three oonaeoutive dayi 
when the river is in flood. 

We have now pointed out the several agencies which tend to produce defects in a river channel, 
and have described briefly their mode of action. Against these agencies the engineer has to con- 
tend ; and to contend successfully, he must acquire a complete and an intimate £iowledge of their 
influence generally and under particular conditions. Such knowledge can only be acquired by 
careftil observation. The defects which these agencies may produce assume several forms. The 
channel may have too sharp a bend, which is destniotive of the stability of its banks and an obstacle 
to navigation. It may be too shallow in certain parts, in consequence of the wearing away of the 
banks and the silting up of Its bed. It may be too wide in places— « condition that may cause the 
last-mentioned defect, by reducing the velocity of the stream, and thereby favouring the sUting up 
of the bed and the formation of shoals. It may even be too narrow in particular plaoee, offering a 
high velocity at all times, and a tendency to floiod in rainy seasons; or its declivity may be too flat 
in coDseouence of its too circuitous course, or the existence of obstacles to the flow of the ouixent. such 
as islands, shoals, weirs, ill-dedgned bridges, and similar obstructions. Before any alteration in 
the bed of a river is attempted, the effect of such an alteration upon the current, lx)th above and 
below that point, mmst be carefully considered. K the engineer neglect this precaution, he may 
flnd that he has produced a greater evil than he undertook to remove. As an example of an 
ill-rconnidered measure, we may mention the case of the Bobine, a canal running from the Aade to 
tiie Mediterranean through Xarbonne, in France. The original constructors of tiiis canal save it a 
very circuitous course near this town for the purpose of increasing the depth by diminishing tiie 
velocity of the stream. Towards the end of the last century, the sinuosities being attributed to 
caprice, it was resolved to straighten the channel to expedite the navigation. When the work was 
completed, the draught of water was found to be insufficient. 

The object in all river improvements is to obtain a channel as near as practicable imiform in 
section, or gradually increasing from the source to the mouth, having sufficient capacity to oairy 
off flood-water without overflowing, witJi a velocity that shall not endanger the stability of the 
banks. Thus it will be seen that the engineering works for the improvement of the upper porticm 
of a river will oonstst chiefly of excavations to remove shoals and other obstructions, and to widen 
narrow parts, regnlating dykes to contract wide shallowsi diversions of the channel, and works for 
stopping useless oranches. 

The work of excavating the bed of a river for the purpose of deepening its channel consists mainly 
of dredging. This operation may be performed by mind, by steam, or by means of the onnent 
itself. When performed by hand, an implement caUod a spoon is employed. It oonsists of a pole, 
having at one end an iron ring steeled on the forward edge, to which a leathern bag is attached. 
The end of the pole is held by a man, and the ring is hung by rope tackle capable of being wound 
up by means of a crab. The man who holds the pole directs the forward edge of the rins against 
the bottom while the snoon is being dragged along by the winding up of the rope. When uie spoon 
arrives beneath the crab, it is hauled up and its contents emptied into a barge. In cases where the 
depth of the water does not exceed 6 ft., this system of dredsing may be employed with advantage, 
as it is both effective and cheap, it having been ascertained that the labour andoost of the operation 
are not much greater than in similar excavations on dry land. When, however, the depth is great, 
recourse must be had to the dredging machine. With a steam dredging machine, the cost of exca- 
vating is about the same as that of similar operations on dry land. A steam dredger of 16 horse- 
power will, under flivourable circumstances, raise about 100 cub. yds. an hour. 

The most economical means of removing the materials of the bed of a river when they consist of 
mud, sand, or light gravel, is the employment of the current for that purpose. The opezation is 
performed by means of a kind of movable dam, usually consisting of a framework oovned with 
boards attached to a boat. The boat is moored in the stream, and the dam lowered to within a few 
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confltantly against the concave bank; whereas, if the channel is straight, it will deviate flfom side 
to Bide, and thus tend to produce bends. The velocity, too, is somewhat checked by the curved 
channel, and this will generally be an advantage. The new channel must not be opened to receive 
the waters of the river until the down-stream end of the old one has been completely dosed. P<» 
it has been found impracticable to divert the stream into the new channel unless this be done, bv 
reason of the impossibility of throwing out the new cut to a depth inferior to that of the old channel. 
It is also necessary to clear the bed of the new cut of all trees, reeds, or aquatic plants, as these 
impede the flow of the current and favour deposits. 

The simplest and most eflfectivo means of protecting the adjacent land from inundation in con- 
sequence of a river overflowing its bauks, is to increase, artificially, the height of the banks at those 
parts liable to overflow. This system of embanking rivers has been very extensively applied on the 
Continent and in America, and everywhere with the most complete success. Yet in England, not- 
withstanding the ravaging inundations which frequently occur, it is rarely resorted to. It may, 
however, be confidently expected that some effort will soon be made to prevent these oft-recurring 
floods, so discreditable to British engineering enterprise, and the value of the system, which is as 
inexi)ensive as it is efficacious, will force itself upon the notice of engineers. The mode of 
constructing those embankments differs but little in its main features from that adopted for 
embankments intended for other uses. Some of the details, however, require special mention ; and 
we cannot give a clearer description of these than is contained in the following extnusts from the 
specifications of the embankments constructed on the Mississippi, which specifications are sanc- 
tioned by the State. 

** The embankment shall be graded 5 ft. wide on the top, except where otherwise directed by 
the chief engineer, with side slopes of 6 to 1 on the river side, and 2^ to 1 on the other side." 

Fig. 6532 shows the pro- 
file of the embankment con- ^--^^.^ ®^^ 
structed according to this 
specification. The dimen- 
sions were, however, con- 
sidered excessive by the 
engineers who conducted the 

survey of the river between "" 

the years 1850 and 1861, and 
in their report submitted to 
the Government in the latter 
year, they recommend that 
*^ the width at top shall be equal to the height, the outer slope 3 to 1 and the inner slope 2 to 1." 
This is more in accordance wi^ the dimensions adopted in Europe. Fig. 6533 represents the profile 
as modified according to these recommendations. 

*^ The ground to be occupied by the embankment must first be cleared of trees, stumps, roots, 
weeds, and all perishable matter, the trees and stumps being cut up by the roots, at least 1 ft. 
below the surface of the ground. The entire surface must then be thoroughly broken with a spade 
or plough, in order to form a bond with the earth deposited. Then a mack ditch must be out, 6 ft. 
wiae at top and 3 ft. at bottom, and 4 ft. deep ; all stumps and roots crossing it being careMly taken 
out and removed beyond the base of the embankment. The muck ditch must be cut 10 ft. from the 
centre line of the embankment, great care being exercised not to displace any of the stakes of the 
centre line, on the side next the river, the C8^h from it being throvm entirely on that side of 
the ditch next the river. As each section of a mile in length is thus cleared, broken, and muck 
ditch cut, the contractor must notify the fact to the engineer in charge, when he will set stakes on 
each side of the centre at the proper distance for the base of the embankment. As soon as the 
work is staked, the muck ditch must be filled in again with buckshot-earth or clay, obtained from 
without the base of the embankment, and the earth tramped in by horses or mules ridden rapidly 
back and forward constantly while the earth is being put in ; at least one horse to every eight 
wheelbarrows being thus employed. This filling and tramping to be kept one mile in advance of 
the embankment. In cases where the chief constituent of the embankment is sand or other 
porous material, the engineer may require a wall of buckshot or clay, 5 ft. thick, to be continued 
up from the muck ditch to the top of the embankment, the earth being tramped in by horses in the 
same manner as the muck ditch, as the embankment is built up on ea«h side of it, the object being 
to obtain a stratum through the embankment impervious to water. 

** When the g^und is prepared in the manner set forth above, the embankment will be com- 
menced, and it must be formed in uniform layers not exceeding 1 ft. in thickness ; a sofiScient 
number of men being continually kept on the embankment to spread the earth as it is wheeled or 
carted in. The slopes shall in every case be commenced full out to the side stakes^ and carried 
regularly up as the embankment progresses. 

" All earth designed for embankment must be entirely divested of roots and all other perishable 
matter. When the embankment has been raised 3 ft. the sides must be trimmed with slope-boards, 
and any irregularities appearing on the slope must be corrected at once ; this trimming must steadily 
progress as the embankment increases in height. 

" The engineer may, whenever he deems it necessary, require a double course of sheet piling, 
breaking joints, to be oriven at the centre or either side of the embankment, 5 ft. below the surface 
of the ground, ond extending up within 6 in. of grade. All piling must be driven in advance of the 
embankment, which shall be constructed on both sides of the pmng simultaneously. The ends of 
embankments shall be protected from flood by a double row of sheet-piling closely driven and 
securely braced, extending across the base and around each side, not less than 100 ft." 

The cost of excavating embankments in accordance with the foregoing specifications is in the 
State of Mississippi from 18 to 20 cents the cubic yaid. 
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The Frendi dykee on the Rhine. Fig. 6534, in that part of its oonrae lying between the Black 
Forest and the Voegee mountains, whore the height ia 7 tt, have a width of 10 ft, the slope towards 
the river being 2 to 1, and towards the land 1| to 1. When the height exceeds 7 ft., the width is 
increased by a banquette on each side. 

The dykes of the Rhine in Holland, Fig. 6535, when near the river bank and when used for the 
road, have a width of 20 ft. on tlio top when 16 ft. high, a slope of 3 to 1 on the river side, and a 
slope of 1} to 1 on the land side. The outer slope, when exposed to running ice, is protected by a 
revetment of brick or fascines. When the dyke is not near the river bank and is not used as a road, 
the width is only 6| ft. 





6536. 





6537. 



y^. 



>^" » '■' 




6538 




6539. 



The dykes on tlie Po are 2} ft. above the highest flood mark, their width is usually equal to the 
height, and the slope of their sides 2 to 1 . When the soil is permeable, they are reinforced, Fig. 6536, 
at the height of the mean floods, by a banquette 20 ft. wide when the height is 20 ft. or upwards. 
Where the soil is venr sandy and has but httlo cohesion, the dykes of the Po, when 20 ft. high and 
upwards, have a width at top of 26 ft, two banquettes 20 ft. broad, Fig. 6537, an outside slope of 
3 to 1 and an inside slope of 2 to 1. The river roads are usually upon the embankment or upon the 
banquette. 

The aven^ height of the dykes on the Vistula, Fig. 6538, is 20 ft The top is from 2 to 3 ft. 
above the highest flood. The width at top is usually 15 ft., or three>fourths the height, and the 
slopes are 8 to 1 and 2 to 1. 

The protection of the banks of a river against the wearing action of the currents has now to be 
considered. The most efficient protection is a ihidk growth of aquatic plants ; but as these con- 
stitute a serious impediment to the flow of the stream, artiflcial protection must be substituted for 
them. The means employed are various, dififering according to the nature of the soil and that of the 
materials most reaadily available. Where stone is abundant and the slope of the banks suitable, dry 
stone pitching forms a very effective protection. 
This system has been adopted on the Loire 
whOTe the pitching is remarkable for the per- 
fection of its execution and its comparatively 
slight thickness. The slopes in these cases are 
generally about U to 1. The stones are roughly 
squared and laid by hand in courses. The 
thicknesB of the pitching is from 8 to 12 in. at 
the top, and increases m going down at the 
rate of 2 or 3 in. a yard. A bed of gravel is 
laid beneath, and the foundations requisite to 
keep them from slipping are formed by a simple 
excavation or trough dug in the earth below 
the level of the mean summer waters, and sub- 
sequently filled in with rough rubble masonry. 
Sometimes, however, it is necessary to drive a 
row of piles with longitudinal wales, as shown 
in Fig. 6539. In calculating the strength of these wales we have only to consider that the maximum 

pressure they have to resist is — j— , v being the weight of the pitching, a the rise of slope, and 

/ the length of slope, friction being neglected for the sake of security. 

Where aquatic trees are abundant, fietscines are employed instead of stone. These fascines are 




tnmdleeofwlUow tw)gBfrom9 tol2 tn. indiftmeteritadabotit 12 ft. in length. The; ue Uid w tth 
theit length no and down the slope and are fixed to the biuik by Btakea. SometimeB a mixed lyst em 
of foadnes and stone pitcbfag is adopted, aa shown in Fig. 6M0. Works executed in this mj do 



not, it is true, last very long, ten years being the limit of a fascine undei water; but their doiation 
is soffident in rivers oirrying mucli mupendiid matter, to give rise to depositions which eventually 
aene to effect the object intended in a more permanent way. 

Timber sheeting is occasionally resorted to. This may conBiat either of sheet piling or of guide- 

Eiles and horizontal planka. The wales of the sheet piling or the guide-piles of the planking most 
3 tied beck to wooden anchoring plates flnnly fixed in suitahte situations. Sometimes it may be 
necessary to constract relaining walls to preserve the banba of a river; but such instances will 
seldom oocnr, and tliey will oever extend beyond avery limited space. Groins are in some cases 
employed. These, boweviir, should be naed only as tomporary expedients, aa they impede the 
entreat and endanger the stability of the bed. 

To render the upper portion of a river navigable, it is sometimes necessary to erent weils in 
thoee portions of Itic stream which are naturally shallow and rapid. The object in this case is lo 
produce a long reach of deep and comparatively still water. More frequently weirs are erected tor 

f imposes of water-supply or water-power. In the latter cases, the object is lo prolong a high waler- 
eVel troia its natural situation to some place where it is required lo divert water from the stream 
for the purpose of driving machinery, or for other purposes. These weirs are merely dykes or dams 
thrown across the stream ; usually thoy are oonstructcd of stone, but in some caaas, especiiilly in 
America, timber it employed for that purpose. 

Tlie pressures upon a weir being tlie same as those npon an ordinary reservoir wall, ita dimm- 
pions are calculated in the same way. But as the water flows over a weir, forming a cascade on the 
downstream side mpablo of undermining the base of the atractore, a somewhat different mode of 
oonatmction must bo adopted. In choosing the site for a noir, it ia well to avoid a bend if possible; 
beoanse the water on leaving the weir possesses a high velocity, and if a bend be situate imme- 
diately lieiow tbo weir, tlie concave bank is rapidly worn away. The nsunl position for a weir is 
at right angles to the banks. Sometimes, however, in order to diminish tiie lieight of the back- 
water in times of flood, tho crest is mado longer than the breodth of tbe channel, and this is 
effected either by placing it obliquely across Ibo channel, or by giving it a V sl^ape in plan. As 
a protection to the banks, the ends of the crest should bo made slightly higher than tlie middle; 
the cascade is by this means directed towards the middle of tbo channel. The breadth of the craat 
should not be lass than 2 oi " " 



The up-atream face Is either vertical or sloped to about I in I. The down-stream &ce has 
usually a long flat slope varying firom 3 lo 1 to 5 to t. This slope is for further protection conttnoi'd 
a short distance bolow tho bed of tho channel. Another method is to form the down-stream taxa 



into a series of steps, so aa to break the cascade into a number of smatler ones. Oocosionstly a 
vertical face is adopted, with a nearly level etone-pltching beneath ; this form is, however, uot 
snitable for large bodies of water. 

Weirs may be constructed of any of tbe materials used for dame, and the principles of c(m- 
struction are identical in tho two cases. When solid mnsonry is used, tho facing should be of 
block-in -course or nahlar; but the heart may lie of rubble or concrete. The same precautious 
are needed as in the ease of reservoir walls, to prevent the filtration of water round the ends 
or roots of the weir. When the material employed is dry stone, the mode of oanstmction is 
the same aa that of the embankments already described. The slope in such cases is steep at 
ttie back and long and gentle in front. To prevent the clones from slipping on their foundations, 
piles with horizontal wales may be used in the manner recommended for emhankmenta. Tho 
•ocompaoying fignres are given ss eiomptea ofsfono rivcr^ams. Fig. 654 1 ix a BSclioa of a dam on 
the Loire at Orleans; Fig. 6512 a section of a dam constructed by Telford on the Weaver; and Fig. 
6S43 is a section of a dam on the Oarron, by Smeaton. 

Works for the improvement of the tidal portion of a river consists mainly of the removal of 
obstmctions to the tidal How. These obstructions may be either niitura] or artificial. Those of the 
former kind consist of abrupt bends, shoals, contractions of the channel, and bars, the removal of 
which may be effected in any of the ways olready describi'd in reference to the river proper. In 
considering, however, beforehand the effect of any proposed change, wc have, in tho ^dal portion, 
another agent to be taken inlo acoount, namely, the tide. When estimating tho otfcot of certain 
changes in tbo river portion, the problem is simplified by tbe fact that tbe current flows constantly 
in one direction ; but in the tidal portion we have the oarront fiowing alternately in contrary 




removed ; bnt when it does happen 

that an old bridge is to be rebuilt 

or a new one erected, care shotild 

be taken ki avoid, as mnch as poB- 

aible, obatractine the water vay 

A Bharplf -curved part of the ohau 

nel should not bo choeeo aa the 

site of the bridge, and, whenever ^ 

practicable, the stream ehould be ; 

croeeed at right angles. The abut 

ments most not contract tbe water 

way, and the picra should Bland 

with their length exactly in the 

direction of the current. Tbe piers ahonld also have pointed or cylindrical ootwateia At both ends 

to diminish the obatructiou tbev offer to the current. 

One of the greatest diffloultiee which the h^dranlio engineer bu to deal with in the tidal 
portion of a river is the existence of bars. A bar is a batik of sand, gravel, or earth, forming a 
shoal at tbe moutb of a river, obstructing entrance or rendering it difflcnlt. Tbe depth upon the 




theories have been propounded concerning their formation. Tho most reasonable is that tbe; w 
the work of the sea alone, A well-known action of the sea is to throw up upon tbe ooaat a girdle 
of sand or shingle. This action goes on at tbe mouths of rivers as elsenhere. It i^ however, 
opposed b; the down cnnont of the stream ; were it not so opposed, the sea would speedily oloae 
up tbo mouth of tho river. Tbe force of tbe sea waves, especial!; against the bottom, is greater 
than the oppoeiiug force of the stream : hence a hor is forraed. But as the height of the bar increases, 
the forces become more oqual, until finally, when equality has been established, tbe height beoomed 
permanent. This permanent height of the W may be temporarily diminished by storms and 
floods: but on the cessation of the disturbing cau^ it will be soon restored. There ore a few 
rivers tbat are not cncumhered with ban, and their non-form ation in these cases may be attributed 
to the absence of one or more of tho following conditions laid down by a writer in tho Encyolopradia 
Britannica as neceasary to their formation ;— Ist. The presence of sand or shingle, or other easily- 
moved material; 2nd, water of a depth so limited that the waves during stonoa may act on the 
bottom; and Srd. Socb an exposure as '•hull allow of waves being generated of sufficient siie to 
operate on tbe snbmerged materials. 

It will be seen Irom the foregoing remarks tliat as the bar is due to tbe action of tbe waves, so 
tbe depth at water over the bar is due to the scouricg action of tbe current, Tlierefore, in all works 
intended for tho improvement of the ti<^ portion of a river, the scour upon the bar must bo kept in 
view. This scour is produced in a greater measure by the tidal than by tbe fresh water; for the 
volume of tidal water discharged over tbe bar is generally far greatra than that of the water 
brought down by the stream. Tlie qacstion of back-water is thns a very important one. By back- 
water is meant tbe tiilal water which at every tide Qons over the bar, and which, with the bll of 
the tide, flows back to the sea. Tbe quantity of back-water is obviously measured by the extent of 
tho area above the bar over which it flows, and an important question for the engineer is how far 
this area occupied by back-wator may be encroached upon by solid works displacing the water, 
without injuriously affootlng the scouring force on the bar. At first sight it may seem that any 



diminisbing of this area must lessen the scour. This, however, is not strictly true. Experience 
has shown tbat where certain physical conditions exist, the area occupied by back-water may bo 
reduced without injuriously affecting its scouring action. It cannot be denied that engineers are 
not anoed on this matter ; but the commonly-accepted opinion, founded on tbe limited experience 
available, is expressed in the following propositions advanced by D. Blevenson in his work on Inland 

1. The depth on bars is dne to back-water. 

2. Where the high-water level of tbo surface of the river, estuary, or basin, ia the same aa, or 
higher than, tbe level seaward of the point of abstraction, a diminution of tide-covered area will 
reduce the affective back-water, 

S. Where the bigh-water level of tbe surface of the river, estoary, or basin is lower than the 
level seaward of the pnint of abstraction, a dimiuation of tide-covered area may, in some casoa. be 
made witliont reducing tbe efllective back-water. 

4. The lower the level of back-water, the greater will be its effect in scouring tbe low-water 
channel : and therefore tbe nearer the site of abstnictioii is to high-water mark, the less injurions 
will be the effect. 

5. By enlarging the tidal capacity of a river at a low level, where tbe acquired volume is filled 
every tide, compensation maj be given for a much larger anonnt of water excluded at a higher IcveL 

6. In consequence of the disturbing effects of the waves of the aeo, tbe large discbarge of riven 
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8, bf the tearing oat of thA rivet, tn Fig. 6S49 ; and b; the teaiiog of the plate acnss, Fig. 6550. 
AnothJer mode m tteataio, latmsly, that rapre«ented in Fig. 6551, ii considflred hj aoma to be the 
noriDBl mannei in which a rivet foroee it4 wa; ont of a plkte. Tbia manner, it wili be seen, ia bj 
•hearing the plate. There doea not, however, appear to be any reason for believing that sneh an 
action may occur; nor U it oompatible with tlie modes of fracture ihovn in Figi. 6519, 6590. The 
— --■ -jeof tha joint tofraotnre by the ahearing of tlie rivet ia— 

The shearing strength the ainare Inch X the sectional area of the rivet 




Here odq muuia of reduoing tlie area abatracled from the plate for the holes at once saggeBta 
itself, namely, tlie employment of the beat qnality iron for the rivets. In tlin case of the croBliing 
of the plate, the reBistunce offarud by any portion A B of the oiroiuoferonce, Fig. 6552, to the tonaila 
Etroin, equals iU resolvi'd portion CD at right angles to the line of stiain, maltiplied by the thick- 
Deea of the plate and by ita crudiing strength. Heuca the reaiBtanco offi:red by toe plate to 
crn«hlng eqnaU 

The onuhing fetrength x the thieksegs of plate x tlie diamuter of rivet 

In the oaee of the joint failing by the plate breaking along the line E L, Fig. 65.^2, the jioriirin 
BHNF opposed to the rivet may be oonsidereil as a oontinDous girder uniTormly loaded, and the 
ultimate rewatanoe then eqnals 

thickness ot plate x (depth E L)* . 
iiSgSEF \ ^ ' 

A being a ooDstant, the value of which must be determined by experiment, as the ciroomslances 
dilTer widely from those of ordinary girdera This mode of frafture is given by Waller R. Browne 
in a valuable paper read by him bofbre the Institution of Minhanii-al Engineers, to which paper wu 
are indebted Cor the aoootnpanying diagrams. Bnt it ia a case of little importance in pmetice. Tliere 
are bat titree inodes practically by which a riveted joint may fait, namely, the shearing of the rivets, 
the cniB'iing of the plate, and the tearing of the plate along the line of rivets. The reaiatance to 
this mode of fiactare equals 

The effective sectional area along that line x the tensile strength the square inch. 

Tbns it will be seen that fractare by shi-aring depends on the diameter of tlie rivet; that fisctiire 
by cmshing deponrls on the diameter of the rivet and the thickness of Uie plate ; and that fractote 
t^ tearing depends on the thickness of the plate and the width on each side of the rivet. Now it is 
■nfBciently ohvious that In a perfect joint these several resistances will be equal to each other and 
the greatest possible ; for whatever excess wo have in one moJe of resistance must be abstracted 
from another mode of resistance. If we increase the number of rivets, we incrense tlie resistance to 
shearing, but we diminieh ttie area of the plate alnng tha line of rivets. If we diminish tha number 
of rivets, we increaae the strength of the plate, but we diminish the reaUlanoe lo shearing. Again, 
if we diminish tha number of rivbts and increase tljeir diameter, we increase, indeed, both the 
reslstanoe to shearing and to tearing, but we diminish the resistance lo crusliing. Thus we have 
found a certain dEflnila point at which to aim in designing a rivetod joint, namely, equally of 
resistance. By comparing the first and geoond modes of fracture, we obbdn the proper pmportioo 
between the diameter of Ihe rivet and the thickness of the plate ; and by conipuring the first and 
last mndes of fracture, we obtain the pitch of the rivets, or their distance apart. 

"'' iimpare the first and second modes of fracture, lot t be the thickness of the pLite and d the 
iroJtho--' " -"— " .^-^-> . ...._... -.-u .,._ _f_. ........ 



i the rivet Putting P ^ the strain a square indi that will crush the plate, and P' the 

strain a square inch that will shear Iho rivet, we hove 'ISSl iPF' = Pid, whence - = > 

which is the requisite proportion between the diameter of the rivet and the thickness of the plate. 
The shearing strength P' of wrought iron is usually taken as cqud to its tensile strtngth. 
W. R. Browne, however, considers the tensile strength of rivehd phites as somewhat inferior to their 
shearing strength, and lie cites in support of his opinion numerous eipcriments made by iodepen- 
dent authorities. Tha results of those piperimenta lead him lo conclude that with the best quality 
iron, vuch as is used for rivets, the slicaring strength should be taken equal lo 22 tons the square 
inch, and the tensile strengtli of the plates Itt tons the square inch. Tlie value of P, or the resist- 
ance to crushing, lias not hoen dL-tenniued with much precision. Wa ehould bo far from the truth 
if we were to take the ordinary vaioea for the crushing strength of wrought iron. The actual value 
of P is much higher than this, and the reason given by Browne is that exj'erimentd for values of 
orushingstrengtharemade with cubasorsiiort bars of the mchil, which are free to move latemlly in 
alldireotionsi out in the case of a rivet-hole, the metal that is being crushed, or, as he ezprusses it, 
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crippled, 18 Bdpported both by the siUTOiiiiding part of the plate and alao by the heads of the rivet. 
Afl this writer appears to have been the first to make direct experiments for the purpose of deter- 
mining the value of P in riveted plates, we shaU give his own account of them, and accept the value 
ho has arrived at After alluding to certain experiments made by Charles Fox, ana others, on 
sospension-bridge links, he says ; — 

^ As however in these sets of experiments a single pin with links of best bar iron was employed, 
it seems very desirable for the present object to make some farther experiments with actual boiler 
plates and rivets ; and for this purpose a series of plates were prepared, and tested at Kirkaldy's 
wo^B. In order to make sure that the joints should yield by tnis mode of fracture and no other, 
the rivets were made altogether out of proportion to the thickness of the plates, which was -j^ in., 
while the rivets were 1 in. diameter ; ample width was also given to the lap. The width of the 
joint in the line of the rivets was 13 in., and three rivets were employed in all cases. Half the spe- 
cimens experimented upon were made with a lap-joint, and the otner half with a butt-joint and two 
cover-plates; the pitoh of the rivets was 3 in. in tne lap-joints, and 3^ in. in the butt-joints. 

'^ On the plates being tested by tension in Kirkaldy's machine, they all without exception tore 
through the rivet-holes, as in Fig. 6550. But the tenmle strength per square inch of the area frac- 
tured wa8 greatly below the strength of the plates, being only an avera^ of 12*2 tons in the lap- 
joioto and 13*2 tons in the butMoints ; audit follows therefore that the joints could not have yielded 
t>y fair tearing of the plates. The crippling action at the rivet-holes, which is now being inquired 
into, would injure and weaken the metal, until either the rivets forced themselves out of the plate, 
or the plate itsielf tore through the holes. The latter happened first in these experimente ; but Uiere 
is no reasonable ground for doubting that the ultimate cause of failure was the crippling of the 
metal in front of the rivets. 

** In order to test the reality of this crippling action, similar specimens of all the three qualities of 
iron that had been used, and of both kinds of joint were subjected to a totel tensile strain of 36 tons 
on the 13 in. width, and the rivet-heads were afterwards planed ofl^ so as to examine the dimen- 
aaDB of the holes. A slight but unmistakable elongation was found to exist in the direction of the 
strain, amounting to about -A in. ; and taking into consideration that this is of the character of a 
set, and also bearing in mind the way in which the metal is grasped by the rivet-heads, and the 
support given by the surrounding plate, the amount of elongation appears quite sufficient to prove 
the existence of the crippling action. At the same time the ultimate tearing of the plates at the 
rivet-holes serves to show why this crippling has attracted so little notice ; and that, when not 
carried so far as to result in tearing, it may still exist as a dangerous and unsuspected source of 
weakness in jointe otherwise excellent 

*' The mean value obtained from the experimente for the ultimate resistance to crippling of the 
plate, per square inch of the area of pressure in the rivet-holes, is 3d ' 5 tons for the lap-joints, and 
42*9 tons for the butt-jointe. These show a very close agreement with the results previously 
obtained &om the experunente with suspension-briage links, which average 39*8 and 40*5 tons an 
inch. The resistance to crippling app^u^ therefore to be very difierent from and independent of 
the tensile strength of the iron ; and as a general result, 40 tons per inch may be taken as the strain 
that will cripple the plate, or the value for P in the calculation." 

Substituting these values of P and P' in the e(][uation, we find the value of </ to be 2 * 3 <, or about 
2} times the thickness of the plate. In practice it is usual to make d = 2 i, or the diameter of the 
rivet equals twice the thickness of the plate. The ordinary rule may thus, in the absence of more 
numerous experiments, be taken as sufficiently accurate. 

We have now to determine the pitoh, or distance of the rivets apart from centre to centre, so as 
to equalize the shearing streng^ of the rivete and the tensile strength of the plata Tins (question 
involves oertein dispute points, and, as might be supposed, practice shows an absence of uniformity 
in this matter. The strength of the plate is equal to that of its sectional area between the rivet- 
holes. But what this strength is has not yet been determined with sufficient precision to set the 
<;^uestion at rest. Experimente have proved beyond all doubt that the net area of the plate along the 
line of rivete is considerably weaker than an equal area of solid plate. The cause of this weakening 
has been attributed to the destructive action of the punch ; and the advocates of drilling have 
reUed chi^y upon this point in estimating the merito of the latter sTstem. On the other hand, it 
has been contended on the faith of oertein experiments, that a punched joint is as strong as a drilled 
joint, and that consequently drilling is as injurious as punching. Whatever the cause may be, 
however, it is certein, as we steted above, that the tensile strength of the net area is reduced by the 
exiBtence of the rivet-holes, whether they are drilled or punched ; and the Question that remains is, 
does punching reduce the strength in a greater degree than drilling ? It follows also from this fact 
that it is erroneous to assume, as is constantly done in practice, ^at the net area between drilled 
holes is equal in tensile strength to that of the solid plate. The only experiments, of which we are 
aware, that have been systematically carried out for the purpose of determining these questions, 
were made in America, and reported by a committee on boilers and boiler materials, to the American 
Bailway Master Mechanics' Association. The following are the particulars of these experimente ; — 



Description. 


Experi- 
ment 
Number. 


How Broken. 


Breaking Strain, 
Ibo. 


Unit strain on 
Plate, tonaa 
square Inch. 


Unit Sttmln on 
Rivet, tons a 
square tnch. 


Bntire plate, 1| in. by ^ in. 


1 
2 
8 


Tom across . 
Ditto 
Ditto 

Mean .. 


32,228 
32,228 
33,600 

1 


26-3 
26-3 
27-4 


• • 

• • 

• • 




32,685 


26-7 


• • 
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Tabl e continued. 



Description. 


Expert* 

ment 

Number. 


How Broken. 


Breaking Strain, 
lbs. 


Unit Strain on 
Plate, tons a 
eqnareincfa. 


Unit Strain on 
Rivet, tons a 
iqiiaxelnclL 


Plate If in. by t^ in. ; withj 
l^in. hole tmongh middle,] 
punched ( 


1 
2 
3 


Tom across . 
Ditto 
Ditto 

Mean 


13,371 
13,371 
13,714 


170 
170 
17-4 


• a 

• • 




13,485 


17-1 


• • 


Plate If UL by ^ in., withj 
I'in. hole through middle, 
drilled ( 


1 
2 
3 


Tom across . 
Ditto 
Ditto 

Mean .. 


17.828 
17.485 
17,622 


22-6 
22-2 
22-4 


• • 
» a 

• • 




17,645 


22-4 


• a 


1 

Two plates, each If in. by ^ 
in., punched, and riyetea 
together with a f-in. rivet J 


1 

2 
3 


Tom through | 
centre of> 
plate . . . . 1 

Ditto 

Ditto 

Mean 


17,823 

17,828 
17.143 


22-6 

22-6 
21-8 


25-9 

25-9 
24-9 




17,599 


22-3 


25-6 


Two plates, 'each 1| in. by 
^ in., drilled, and riveted 
together with a |-in. rivet 


1 
2 
3 


Rivet sheared 
Ditto 
Ditto 

Mean 


17,143 
16,457 
15.428 


21-8 
20-9 
19-6 


24-9 
23-9 
22-4 




16.342 


20-8 


23-8 



It will be remarked that the tensile strength of the plate experimented upon was very high. 
Bevond this, the Table contains some very remarkable results. The existence of the drilled hole 
reduced the tensile strength of the effective area from 26*7 to 22*4 tons the square inch, or about 16 
per cent., while in the case of the punched hole the reduction was from 26*7 to 17*1 tons, or about 
86 per cent. When, however, the rivet was inserted, the strength of the punched joint was about 
equal to that of the plate with the drilled hole, while the strength of the drilled joint was consider- 
ably less. The increase of strength in the punched joint can only be attributed to the grip of the 
rivei-heads, while the reduction of strength in the drilled joint is obviously due to an increased 
tendency to shear the rivet. This result is considered by the committee as probably due to the 
edges of the drilled holes being sharper and more compact, and consequently more capable of 
shearing than the edges left by a punch. However this may be, the fact remains that practically 
the drilled joints were not so strong as the punched joints. The result which bears directly upon 
the question we are now considering is that which relates to the diminished strength of the metal 
between the rivet-holes. This is shown to be 16 per cent, for the drilled hole, and 36 per cent, for 
the punched hole. We cannot help believing that the punching in this case must have been 
carelessly performed, and that 36 does not fairly represent the average punched hole. We have 
already said that W. R. Browne considers the tensile strength of a punched iron plate to be reduced 
from 22 to 18 tons, and he makes the latter strength the basis of bis calculations. It is probable, 
however, that 17 tons more nearly represents the trath. The equation for determining the pitch 
evidently is *7854 d*F = 2&^R, R being the resistance to tearing in tons to the square inch, and 

6 the breadth required on each side of the hole. Putting R = 17, we have b=^ 6 x-x'd; and 

taking ef = 2 ^, 6 = d. That is, the breadth on each side of the rivet-hole should be equal to the 
diameter of the rivet ; or in a row of rivets, the pitch should be equal to 8 diameters. When the 
diameter of the rivets is less than twice the thickness of the plate, as it must necessarily be in the 
case of very thick plates, the pitch will be less ; and if m be taken as the ratio of the diameter to 
the thickness, the space between the holes will be m times the diameter of the rivet. 

The distance of the rivet from the end of the plate, or as it is termed the lap of the plate, is 
made equal to one diameter. This distance has been determined more by practical necessity than 
from theoretical oonsiderations ; and as joints rarely, if ever, fail in that direction, it may be 
assumed to be sufficient The loss of a single-rivetod joint is thus equal to three diameters. The 
proportions to which the preceding considerations have led us are thus ;— diameter of rivet = twice 
the thickness of the plate ; pitch = three diameters of rivet ; and lap = three diameters of rivet 
These proportions are represented in Figs. 6553, 6554. The proportional strength of such a joint 

2 17 

is evidently - of — or 51| per cent, of that of the solid plate. 

The foregoing conclusions show that the single-riveted lap-joint is only half as strone as the 
solid plate, even when most perfectly designed ; and the question for consideration now is--Dy what 
change in the mode of oonstmction can me strength of the lan-joint be increased. The first ex- 
pedient that sugeests itself is to place the rivets in two rows, since by this means we increase the 
pitch without reducing the sectional area of the rivets. This expedient has been largely resorted 
to^ and the advantage which it oflfers is real and considerable. The pitch of the rivets in this case 
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There ta 7et ajiofter mode of nmngiiiK the ffratt, umelj, in three loira ; and the fbn^ring 
formnln, nhen adapted to this case, rEve 4 diameten aa the pitch of the middla loir, and 8 diame- 
ters aa toe pitch of the cater rowt. With these proportions, this triple riTetiDg Rirea a strength of 
joint equal to 80 per cent, of the plates. We are soon stopped, however, in this direotion by a prao- 
tical difflenltj, whenoTor a joint has to be made stoun-tight. When the pitch is very wide, the 
plaCaa are apt toapring nndertbe calking tool. This difflonlt; of oalking the joint has bad great 
teflaence in cbecking the eitenaion of the system of multiple riTeting; and it is evidcmt that 
further progress can be made only by eOecting imptoTementa id the methods of calking. 

In bntt-jointa, a coTer-atrip is riveted to each plate, and tbisoaver-ebipmay be placed on one tide 
of the platesonly.es in Figs, 6560. G561 , or on both sides, aa ia Fip. 6562, 6568. Aswebavepre- 
vioosly said, when the oaver is on one side only, the joint is Tirtaally a lap-joint, and therefore the 
proportions fouod for this latter joint are equally applicable Id the butt-joint It is evident alic 
that the butt-joint may be either single or double riveted, and it is equally evident that the thick- 
Deas of the oover should be equal to that of tbe plates. If the oover-Htripa are doable, the strain ti 
equally divided between them, and therefnre each strip should be halt the thioknem ot the plate. 
In this rase the rivets are in vhat is called double shear ; that is. if they fail, tbe; must da lo by 
being sheared in two places. Consequeotly they offer a double shearing area, aud henoe tbe equa- 
tion becomes -ISMd* x 2P' = tJP. The proportion of the diameter of the rivets to th« ttdck- 

nesa of the plate is thus ~ = . ._„ . Whence we dedace d = 1-16 1, or the diameter rf the 
rivet eqnal ^ times the thickness of the plate. The equation for the pitch beoomee -TSSid* x 2P 
= 2A(B,from which we find pitch = S^ diameters. The proportions of tap will be the same aeia 
the lap-joiat, that is, there will be 8 di^eten on each plate, making the total width of the ooren 
equal to 8 diameters. 
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The proportjonala strength of this johit, as compared with that of the solid plate, ia ^ of 

17 

^ = 62J per cent 

When the oover-strips of a butt-joint are each double riveted, as in Pigs. 656* to 6566, the 
diameter of the rivets will to the same as in the single -riveted joints, namely, i| the thickneas of 
the plate ; also, tbe dtstauoe between the two rows of rivets will be the same. Henoe the width of 
the cover wtll be double the lap determined for the previous ease, or for chain rivpting.H diameters. 
Tbe equation for tbe pitch is 2(-7B54rf« x 2P') = 2 6iB. whence it will be found that the pitch 
= 5} diameters ; therefore, for rigmg riveting, the diatence between the piteh lines being two-thirds 
of the pitch, we may take the width of the oaver-strips as equal to 13 diameters. 

The proportionate strength of this joint, as compared with that of the solid phiie, t» -i ot 
191 '* 

■^ = 71 per cent. 
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ir expedientabKTe been Teaorted to for Btrengthening the seams of boilers. In 
poo the longitnilinal joints is twioe that apou tho transrcrsa joints, and it hsa b( 



to umage the joints 
dkgotMlIf , as in Fi«. 
fi56T. If the ande of 
the joint be 49°, a 
•imple oalenUtioa n 
show that tbe tensioD 
TOon it is only fooi- 
mths of that npoa a 
Imgitodinal joint. Con- 
segoeDtlj the effeetiva 
ftrength of the joint is 
incmued in the ratio of 
1 to 5. This is an ad- 
Ttotage whioh shoold 
not be oTsrlooked. An- 
other mode of ntakiog 
the strength of tlie 
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" The lireta not to be nearer to the butts or edges of the plating, lintDg-pieoes to butts, or of any 
angle-iron, than a space not less than tlieir own diameter, and not to be farther apart from earn 
otlwr thui taar times their diameter, or nearer than thrm times their diameter, and to be apaped 
thnmgh the frames and outside plating ; and in rerersed aoglo-iron, a distanoe equal to eight times 
tbeir diameter apart. Tbe overlaps of plating, vhere double riveting is required, not to be less 
than five and a half times the diameter of the rirets ; and where single rivetiug is admitted, to be 
not less in breadth than three and n quarter times the diameter of the ciTets." 
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" Rivets to be 4 diftmeters apart from centre to centre, longitudinally in aeams, and verticallv in 
butts, except in the butts where treble riveting is required, where the rivets in the row ferthest 
firom the butt may be spaced 8 diameters apart from centre to centre. Rivets in framing to be eight 
times their diameter apart from centre to centre, and to be of the size required in the preceding 
^ble. All double or treble riveting in butts of plates to be in parallel rows, or what is termed 
chain riveting. It is recommended that the necks of all rivets be bevelled under the head, so as to 
fill the countersink made in punching, and their heads should be no thicker than two-thirds of the 
diameter of the rivet** 

See BoiLEB. Corrosion. Materiaub op CJonstrtjction. 

Works relating to JRivating ;—SioneY (B. B.), * Theory of Strains/ 8vo, 1873. Burgh (K. P.), 
' A Treatise on Boilers and Boiler Making,' 4to, 1873. Fairbairn (Wm.), ' Useful Information for 
Engineers.' 

ROADS. Fb., RomIcs ; Ger., Strassen ; Ital., Strada ; Span., Caminos. 

There is a considerably greater diversity in the character and construction of ordinary roads tfaim 
of those which are used solely by steam locomotives. Upon the latter there is but one description 
of traffic, that of wheeled vehicles, while upon the former the traffic is of a very miscellaneous kind. 
The general character of railways differs but little, whereas that of roads varies according to the 
purposes to which they are appbed. Ordinary roads are of two principal types, namely, temporary 
and permanent roads. 

Temporary Roads. — The first idea of a road is a path or track on which a foot-passenger can 
travel. In the American forests the trees are blazed or marked to show the direction. On the 

Srairies men travel by compass or by the stars ; or by watching their own shadows, or noting the 
irection of the wind. Successive travellers following the same route will tread down a forest 
path, which is the first step towards road-making. On such a road, rivers will be crossed by swim- 
ming or wading, or by rafts ; or felled trees might be used on very narrow streams ; while ranges 
of hills would be passi d by following the beds of mountain torrents. The emplojrment of aninuds 
necessitates tlie improvement of the roads. The footpaths are widened, the forest is cleared* 
rude bridges of logs are formed, or mfts made of wood, of empty vessels, or of inflated skins. 

Suppose it is required to make a temporary road from one settlement to another in a wild 
unmapped country. If a traverse were run by compass and chain between the two places, and 
plotted on paper, the magnetic bearing of the one place from the other would be ascertained, and a 
straight line could bo run between the two by means of the compass. If two flags are set up in the 
proper direction at some distance apart, then, by means of a third flag brought into line with the 
two former, a straight line could be run for many miles with a very slight deviation from accuracy. 
Where a compass is not available, a fire lighted at one place may, by its smoke, enable its direction 
to be seen from the other. ^ 

This line so run, and marked by a trench cut in the ground, will often be a practicable line for 
the road in a new country ; if not, it will at any rate be a valuable guiding line towards which 
all deviations caused by various obstacles should return. The line so marked out should be 
cleared for a width of 10, 20, or 30 ft. ; a ditch cut on either side to serve as a drain, and the 
earth excavated thrown in the centre of the road to assist the rain-water to run into the ditches. 
Inequalities of surface can then be levelled as far as possible. Small streams may be crossed 
by temporary bridges if wood is available ; if not, their banks must be cut down, if necessary, to a 
gentle slope, so as to enable carts to pass where the stream is dry or nearly so, and such slopes, as 
well as the bottom of the stream, may be paved, if material is available. 

The following is a description of a temporary road of this kind made over the dry bed of the 
Chenab River in the Punjab, and may be taken as a general example. 

The total length for the roadway across the Chenab measures 10,600 running feet, of which 
135Cr ft. consist of a metalled road ; 3500 ft. rest on firm soil, extending from the road embankment 
to within 1000 ft. of the south side of river, and the remaining 5800 ft. extend across entire sand. 

The roadway consists of one layer of grass fascines, each fascine being. 24 ft. long, 6 in. in 
diameter, and tightly bound with grass, packed closely together and covered with 6 in. of clay. 
On the surface of the clay, and to prevent its cutting into grooves, a very thin layer of loose 
grass is constantly maintained. An inch of clav is first laid down on the sand, all hoUows 
are filled in and low points somewhat raised, that tne foundation may not suffer from the lodgment 
of water. In other places the finished road is 1 or 2 in. above the sand. 

Whatever improvements are made in such roads should be directed towards the most formidable 
obstacles at first ; this is, indeed, self-evident, the strength of a road, as of a beam, being only that 
of its weakest part; but it is not always easy to determine what are the most formidable 
obstacles, nor whether it will be more economical to lay out a g^ven sum in raising a portion 
of embankment, cutting down a hill, improving the surface, or building a bridge, but muoh of 
course will depend on the peculiar cireumstances of each case. 

Plank Roads, — Similarly to the trellis road used on the early railwa3rs in the United States, 
ordinary roads of a temporary character are sometimes constructed exclusively of timber, and are 
termed plank roads. 

The method most generally adopted in constructing plank roads consists in laying a flooring, or 
track, 8 ft wide, composed of boards from 9 to 12 in. in width, and 3 in. in thickness, which rest 
upon two parallel rows of sleepers, or sills, laid lengthwise in the road, and having their centre lines 
about 4 ft. apart, or 2 ft. from the axis of the road. Sills of various-sized scantling have been used, 
but experience seems in favour of scantling about 12 in. in width, 4 in. in thickness, and in lengths 
of not less than 15 to 20 ft. Sills of these dimensions, laid fiatwise, and firmly imbedded, present 
a firm and uniform bearing to the boards, and distribute the pressure they receive over so great a 
surface, that, if the soil upon which they rest is compact and kept well drained, there can be but 
little settling and displacement of the road surface, from the usual loads passing over it. The 
better to secure this uniform distribution of the pressure, the sills of one row are so laid as to break 
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joints with the other, and to prevent the ends of the sills fW>m yielding, the nsnal preoantion is 
taken to place short sills at tne joints, either beneath the main sills or on the same level with 
them. 

The boards are l^d perpendicnlar to the axis of the road, experience having shown that this 
position is more favoorable to their wear and tear than any other, and is besides the most economical. 
Their ends are not in an unbroken line, but so arranged that the ends of every three or four project 
alternately, on each side of the axis of the road, 3 or 4 in. beyond those next to them, for the pur- 
pose of presenting a short shoulder to the wheels of vehicles, to facilitate their coming upon the 
plank sitfface, when fVom any cause they may have turned aside. On some roads, the boaras have 
been spiked to the sills, but this is unnecessary, the stability of the boards being best secured by 
well packing the earth between and around the sills, so as to present, with them, a uniform bearinsf 
surface to the boards, and bv adopting the usual precautions for keeping the subsoil well draine<£ 
and preventing any accumulation of rain-water on the surface. The ooards for plank roads should 
be selected bom timber free from the usual defects, such as knots and shakes, wnich would render 
it unsuitable for ordinary building purposes, as durability is an essential element in the economy 
of this class of structures. Boards of S m. in thickness offer all the requisites of strength and dura- 
bility that can be obtained from timber in its ordinary state, in which it is used for plank roads. 

besides the wooden track of 8 ft., an earthen track of 12 ft. in width is made, which serves as a 
summer road for light vehicles, and as a turn-out for loaded ones; this, with the wooden track, 
gives a clear road surface of 20 ft., the least that can be well allowed for a frequented road. It is 
recommended to lay the wooden track on the right-hand side of the approach of a road to a town 
or village, for the proper convenience of the rural traffic, as the heavy trade is to the town. The 
annboe of this track receives a cross slope from the side towards the axis of the road outwards of 1 
in 32. The surface of the summer road receives a cross slope in the opposite direction of 1 in 16. 
These slopes are given for the purpose of facilitating a rapid surface drainage. The side drains are 
placed for this purpose parallel to the axis of the road, and connected with the road surface in 
a suitable slope. 

Where, from the character of the soil, good summer roads cannot be had, it will be necessary to 
make wooden turn-outs, from space to space, to prevent the inconvenience and delay of miry roads. 
This can be effected by laying at these points a wooden track of double width to enable vehicles 
meeting, to pass each other. It is recommended to lay these turn-outs on four or five sills, to spring 
tihe homa slightly at the centre, and spike their ends to the exterior sills. 

The angle of repose, by which the grade of plank roads should be regulated, has not yet been 
determined by experiment, but as the wooden surface is covered with a layer of clean sand, fine 
gravel, or tan barl^ before it is thrown open to vehicles, and as it in time becomes covered with a 
permanent stratum, of dust, it is probable that this angle will not materially differ from that on a 
road with a broken-stone surface, like that of M'Adam or of Telford, when kept in a thorough 
state of repair. 

In some of the earlier plank roads made in Canada, a width of 16 ft. was given to the wooden 
track, the boards of which were laid upon four or five rows of sills. But experience soon demon- 
strated that this was not an economical plan, as it was found that vehicles kept the centre of the 
wooden surface, which was soon worn into a beaten track, whilst the remainder was only slightly 
impaired. This led to the abandonment of the wide track for the one now usually employed, which 
answers all the purposes of the traffic, and is much more economical, both in the first outlay and for 
sabeequent renewals and repairs. The plank 
roads possess great advantages in a densely* 
wooded oountiy, and will be found superior to 
evenr other kind as a temporary expedient. 

Bill Moods,— The construction of hill roads, 
which are frequently of only a temporanr cha- 
racter, although at times subsequently en- 
largea and improved so as to come under the 
other category, increases in difficulty with the 
quantity of timber met with in the district. 
Sometimes footpaths mav exists which, although 
mere tracks, will enable in some degree the 
nature of the ground to be rightly ascertained. 
The ordinarv spirit-level is unstated for the 
operation of surveying, or, as it is termed, 
tracing out, a hill rosd. It is too large, and 
requires a greater delicacy of adjustment and 
manipulation than can ie given to it under 
the circumstances. The instrument repre- 
sented in Figs. 6570 to 6572 Is often employed 
in India for the purpose in question, and 
answers exceedingly well. It goes by the 
name of the Gunner's Quadrant, being, with 
a few modifications, a level for setting mortars 
at their proper angle. The long bar is fitted 
with sighte at either end, and has a universal 
joint screwed on at its centre. The quadrant is 
reversed firom the posilion it occupies in the 
mortar quadrant, having the arc turned inwards, 
and the radius outwards, towards the tracer. An armature, bearing a small spirit-level at ite sid^ 
and a vernier to read minutes at one end, works on the arc, which, to enable the level to be used 
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for triMsing eifher up or down hill withont reyersion, has an exoees are of some 5P on the npper side 
of its zero point. The tracing quadrant is fixed to a light stick, shod with iron, of a length sufficient 
to bring the pin-hole of the sight within easy distance of the eye. The stick should not terminate 
in a point, or the levels will be vitiated. Its base ought to be about 1^ in. in diameter. The for- 
ward staff is ratiier longer than the foregoing, but has a fixed vane, painted white, whose centre 
is exactly the same height from the ground as the pin-hole of the quflkdrant sight The centre is 
denoted by a dot in the middle of a black horizontal line. 

The tracer holds the instrument in his hand, having adjusted the armature by the scale and 
vernier to the angle of inclination suited to the slope of the ground. A slope of 1 in 20, correspond- 
ing to 2^ 52', or to within a few minutes of 3°, should be the maximum, except for temporary 
descent into water-courses, which may be 1 in 12, or 4° 45'. The holder of the forward staff goes on 
a few yards, and is signalled up or down, till the foot of it is resting on the line of the required 
slope. The tracer has no difficulty in observing the bubble of the level at the same moment as he 
watches the vane of the staff through the pin-hole sight and cross hairs, and as soon as properly 
placed, he orders a stake to be driven at its foot. He then moves up to tite sti^e, and sends the 
staff-bearer forward to take up a fresh position, and so on till the line is staked in. A party 
follows to open out the line, and when it has been inspected and approved of, the road is finishecl 
to the full width, with a side drain. 

This simple method of tracing is admirably suited to rough, undulating country, covered with 
forest, where an ordinary spirit-level cannot be easily carried about or set up, and where extreme 
accuracy is not imperative, as in the case of permanent roads. Even a practised eye cannot lay out 
a road on the hill-side that would not be found to depart widely from the uniform slope proposed, 
unless the instrument has been in hand all the time ; eye traces, as they are termed^ should there- 
fore be proscribed, except on flattish ground, where the slavi^ following of the instrument is apt to 
lead to the marking of a tortuous line. If a cutting tiirough a saddle or 
spur has to be made, it is usual to denote its commencement and end, by 
inserting two stakes instead of one, and at descents into streams, the same 
course must be observed. Great care should be exercised that the latter are 
formed with due regard to fietcility of passage, for many an excellent road- 
trace is marred by insurmountable difficulties at the steep banks of rivers, or 
headlong ramps. 

Another instrument used for the same purpose is De Lisle's clinometer, 
Fig. 6573, and represents the first instrument made. It is in two parts, 
separating at the dotted line in the figure. The lower part can be fitted 
on in three positions; for packing in its case, with the weight to the left 
of the mirror ; for descending slopes, with the arc and weight e behind the 
mirror ; for ascending slopes, with the arc and weight e in front of the mirror. 

In the more recent instruments, Figs. 6574 to 6578, the lower part does 
not draw off, but revolves on the axis of the mirror, and is retained in the 
required position by a small spring. The semi-circuhu' arc has two radial 
bars, one c. light, the other, /, loaded with a weight e. For level set the bar 
/against the bar g^ and bring the light bar c home in the groove formed 
for its reception in the weight e. For a slope of 1 in 50 leave / against g, 
and move the light bar c against the top A. For any other slope leave the 
bar c against the top A, and set the bevelled edge of bar / to me required 
division on the graauated limb of the arc ; see Vig. 6576, where the instru- 
ment is set to 1 in 20. 
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In practice it should be remembered that a flatter slope should be used in tracing than tliat 
intended for the finished road, in order to allow for the increased slope due to fiattening the carves of 
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the line. Thus for a road at 1 in 20 the instrument should be set to 1 in 21 or 22, acoorditig to the 
nature of the ground. In using the instrument a leyelling staff with sliding vane is convenientt 
The vane on the staff must be adjusted to the height of the observer's eye. The obsenrer stands at 
the initial point of the trace, and sends an asi^stant forward with the staff to any convenient 
distance ; the observer then holds the instrument up by the ring and makes his. assistant move the 
staff up or down the slope of the hill until he gets tlie reflection of the pupil of his eye in the mirror 
and the vane to coincide. A stake is then driven in at the foot of tlie staff. The observer movt b 
forward to this stake and sends his assistant on for the next station, and so on. In taking cross- 
sections of streams the instrument should be adjusted for level, and the vane on the staff moved up 
or down at each station until the requisite coincidence is obtained. The level is then rend off on the 
staff and entered in the usual manner. In windy weather it may be convenient to suroend the 
instrument in a wooden box with sight holes. The box should be mounted on a light staf^ and the 
vane on the levelling staff must bo set to the height of the mirror. When the line is staked out and 
considered ^satisfactory, a gauge-path should be cut and the line surveyed either by theodolite or 
spirit-leYel for the plans and estimates. 

The great advantiige of this instrument will be found on lines along steep clifEs where a theodolite 
could not be taken without much risk of injury. It will also save the teoious labour of setting up 
and levelling a theodolite at numerous successive stations. 

The reflecting level, a small instrument that can be put in the waistcoat-pocket, case and all, is 
a most useful little instrument for tracing out a line of road through the niUs. The instrument 
itself, when drawn out to its full extent, does not exceed 6 in., and is little more than | in. in 
diameter. On the top of it is a small spirit-leveL and inside the tube a reflector, so placed, that 
when looking througn the instrument you can observe where the bubble is on the centre of the 
run, at which time the metal reflector shows just one-half of the air-bubble. The line of vision along 
the bottom of the reflector is a horizontal line, so that any point which the line intersects is level 
with the eye of the observer. 

For selecting the general line of road, therefore, this instrument is most useful, as it enables you 
to select points of eqiml altitude with the point of observation, and thus, for the preliminary survey, 
it enables you to determine the general direction the road should take, and what points should be 
closed on. 

Before, however, selecting a new line of road, certain points should be determined on, which will 
altogether depend on the object for which the road is intended. As, for example, if only for a footr 
patii title graaients may be as greet as 1 in 5; a bridle-path, 1 in 7^ ; laden mules, say, 1 in 10 ; 
camels, 1 in 15 ; wkeeled carriages, 1 in 25 ; and these gradients should never be exceeded. 

The average gradients for the whole length of road where the great object is to ascend a hill 
would probably m, for footpath, 1 in 7| ; horses. 1 in 10 ; mules, laden, 1 in 15 ; camels, 1 in 20 ; 
carts, 1 in 50. The advantage of not being confined to one particular gradient is manifest, as by 
a change in the gradient the muscles have a different action to perform, so there is not that one 
constant strain on them. 

All that is required when tracing a line up-hill is a hill walking-staff of say 5 ft. in length. 
When the person engaged in the work is very tall it may be even 5| ft. long. This staff ^ould 
have an iron point to flx it firmly in the ground, so that the level which is attached to the top of it 
may be firmly supported. With a rope 50 ft. long, having a knot on it 87} ft., and a hatchet for 
Hfmri"g away bush tangle, nothing more is requir^ but stakes for staking out the line. 

It is evident that, having an instrument looking along a horizontal line, if a point on the hill-side 
be fixed on the same level as that of the instrument, and 37} ft. distant from it, the gradient is 
exactly 1 in 7}, and at 57 ft. 1 in 10, if measured from the top of the staff; but as this may not be 
convenient, allowance can be made for the extra length of the hypothenuse, but practically it is 
nothing, and may be left out. It may be said, therefore, that from 37} to 50 ft. is the length of the 
tether when a bridle-road is to be traced out, and stakes driven at the same level as the instrument 
will give a gradient of 1 in 7} at 37} ft., so all that is required is to see the ground at these distances, 
or any distances between, to keep the gradient right while working up-hill. This, however, entsiils 
a good deal of clearing away buah, so it is better, if possible, to work down-hill. In this case a 
10-ft. rod is required, double the height of the instrument, and all one has to do is to look at the top 
of tlie rod and see that it is at the proper level. 

Where the g^radients are less steep, the rope has simply to be lengthened ; as, for example, where 
the gradient is to be I in 52, the length of rope must be 25 x 5 = 125 ft., and any distance beyond 
the 125 ft. must make the gradient less steep. 

The stakes laid down are on the centro line of the intended road, and in order to open it out a 
strong line must be stretched from the one stake to the other. This allows of the gradient being 
worked to with sufficient accuracy. 

Permanent Roads.-^SeUction of Route. — Suppose that it is desired to form a road between two 
distant towns, A and B, Fig. 6579, and let us, for the present, neglect altogether the consideration 
of the physi(»d features of the intervening country, assuming that it 
is equally favourable whatever line we select. Now, at first sight, it 
wotud appear that under such circumstances a perfectly straight line 5' 

drawn from one town to the other would be the best that could be y''' 

chosen. On a more careful examination, however, of the locality, we y' 

may find that there is a third town, C, situated somewhat on one side y''' 
of the straight line which we have drawn from A to B ; and although ^ ^' ■ . 
our primary object is to connect only the two latter, that it would 

nevertheless be of considerable service if the whole of the three towns wero put into mutual connec- 
tion with each other. Now this may be effected in three different wavs, any one of whicli might, 
tnder certain circumstanoes, bo the best. In the first place, we might, as originally suggested; 
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fcnrm a stratght road from A to B, and, in a similar manner, two other straight roads (rom A to C. 
and from B to 0, and this wonld be the most perfect way of effeoting the object in view, the dis- 
tance between any two of the towns being reduced to the least possible. It would, however, be 
attended witii considerable expense, and it would be reouisite to construct a much greater length 
of road than according to the second plan, which would be to form, as before, a straight road from 
A to B, and from G to construct a road which should join the former at a point D, so as to be per- 
pendicular to it. The traffic between A or B and would proceed to the pomt D, and then turn off 
to 0. With this arrangement, whUe the length of the roads wonld be very materially decreased, 
only a slight increase would be occasioned in the distance between and the other two towns. 
The third method would be to form only the two roads A and B, in which case the distance 
between A and B would be somewhat increased, while that between A and C, or B and G, would 
be diminished, and the total length of road to be constructed would also be lessened. 

As a general rule it may be taken, that the last of these methods is the best, and most conve- 
nient for the public ^at is to say, that if the physical character of the country does not determine 
the course of the road, it will generally be found best not to adopt a perfectly straight line, but to 
"^ary the line so as to pass through all the principal towns near its general course. According to 
the first arrangement, any veMcles established to convey passengers or goods between the two 
terminal towns would pass through aJil those which were intermediate, wmie, if the straight line 
and branch-road system were adopted, it would be requisite also to have a branch service to meet 
the service on the main line. 

In laying out a road in an old country which has been long inhabited, and in which the position 
of the various towns requiring road accommodation is already determined, we are left less at liberty 
in the choice and selection of the line of road, and must be guided in that choice by different con- 
siderations to those which would determine the line of a road made through a new country, where 
the only object is to establish the easiest and best road between two distimt stations. In the first 
case we should take into consideration the position of the various towns and other inhabited 
districts situated near the intended road, and its course would be, to a certain extent, controlled 
thereby ; while, in the second case, we should simply examine the physical characters oi the 
country, and base all our proceedings on the result. Whichever of these two cases, however, may 
have to be dealt with, in the ultimate selection and adoption of the line of road between those points 
which are fixed by other circumstances, the same careful examination of the physical character of 
the country should be made, and the same principles should control the choice. 

A very good idea of the best direction for a road may be obtained by laying out a series of 
preliminary lines, as in Fig. 6580. Let AB be a portion of the intended Jine, and GG the 
oreadth of country under consideration. At 
any suitable distances select stations SBS, 
their distances apart depending on the changes 
of level, and let the principal line A B, and 
also the cross lines G G, G G, Fig. 6580, be 
accurately levelled, and then drawn, on the 
plan of the line of the road. If the distance 
G G is required to be considerable, perhaps an 
additional line in the principal direction may 
be necessary. The etched lines show the form 
of the surface at the lines A B, G G on the plan 
of the latter being sections at right angles to 
AB, there is no difficulty in seeing the ex- 
tent of cutting or of embankment that may be avoided by varying the position of the intended 
line. A plan of this description to a person conversant with sections is as eood as a model of the 
oountry. In selecting the Une for a permanent road, useless ascents should be avoided as much 
as possible, that is, ascending where a subsequent descent must be made, and the reverse. When 
a bne of road is encumbered with numerous and extensive useless ascents, the wasteful expendi- 
ture of power in the conveyance of goods is very great, as the number of feet actually ascended 
is increased many times more than is necessary, if such height, when once gained, were not lost 
again. As one instance, amongst others, of the serious injury which the public sustains by this 
system of road-making, the road between London and Bamet may be mentioned, on which the 
total number of perpendicular feet that a horse must now ascend, is upwards of 1300, although 
Bamet is only 500 ft higher than London, and in going from Barnet to London, a horse 
must ascend 800 ft., although London is 500 ft lower than Bamet. Another instance of this 
defect in road engineering is observable in the line of the old road across the Island of Anglesea, 
on which a horse was obb'ged to ascend and descend 1283 perpendicular feet more than was 
found necessary by Telford when he laid out the present new hue, as shown by the annexed 
Table ;— 
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Oldroad 

New road 

Difference 


Height of Snmmit 
above High Water. 


Total Rise 
aadFalL 


Length. 






839 
193 


8540 
2257 


miles, yardt. 
24 428 
21 1596 






U6 


1283 


2 592 
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In choodng the beat direction for a line of roadway, the rate of inclination which oan be 
obtained, with a moderate outlay of capital in cnttioga and embankments, is a consideration of 
greater importance than the mere maintaining of a direct line. 

Cfradignta and Tractive Resistance, — In the case of an ordinary metalled road the maximum 
gradient is fixed by two considertitions, one relating to the power expended in ascending, the other 
to the acceleration in descending the incline. 

The ascent should not be so steep as to prevent the horses taking up the full load which they 
ean draw on the level. Now a horse will exert for a short time twice the average tractive pull 
which he can exert continuously throughout a day's work. Hence, so long a& the resistance on the 
gradient is not more than double the resistance on the level, the horse will be able to take up the 
full load which he is capable of drawing. If the resistance to traction on metalled roads is taken 
at one-thirtieth of the load on the wheels, then the maximum gradient should not exceed 1 in 30 ; 
beoaose on that slope the gradient resistance is equal to the resistance on the level, and the total 
ledstanoe exactly doubled. 

Again, in regard to descending, it may be assumed that the slope should not be so great that 
the gravity acting down the slc^ should exceed the resistance to traction, because in that case the 
camages or wagons would tend to accelerate in velocity under the action of jp^vity alone, and 
brakes would have to be used to control the descent, causing a waste of work in motion. This con- 
sideration again fixes the maximum gradient desirable on metalled roads at 1 in 30. For a short 
distance, steeper gradients of 1 in 20 and 1 in 15 may be adopted with economy, but their number 
should be as lew as possible. 

Wheel-carriages and sledges are the vehicles capable of plying on roads. The latter are only 
suitable for roads in which the surface is either too soft or too bteep to admit of the use of the other 
description. The tractive resistance of sledges has not been accurately ascertained. It is stated by 
Knssak that the resistance of an iron-shod sledge on hardened snow is about one-thirtieth of the 
gross load. The resistance of wheel-carriages on roads consists of a constant quantity and a quan- 
tity increasing with the velocity of transit. Putting B for the radius of the wheels in inches, V for 
tiie velocity in feet per second A and B for the two ounstants, we have for F, the proportion to 

I A 4- B fV — 3*28) \ 

the gross load, F = ^= —, When the carriages are on springs F, for wheels of 

B 

18 in. diameter, and Y equals 14*67 and 7*33 respectively, the values for A are 0*4 to 0*55 for good 

broken stone roads and 0*27 to 0*39 for pavements. The corresponding values for B are 0*025 and 

4)*068 to 0*03. When V has a value of 14*67 that of F is for roads of broken stone 0*038 to 0*046, 

and for pavements 0060 to 0041. When V = 7*33, F has values of 0028 to 0-036, and 0*030 to 

0*028. When the carriages have no springs, the value of the constant B is 3*5 that for carriages 

with springs. Table L is deduced from experiments made by John Macneill. 

Table I. 

F. 

Stone pavement .. .. 0*015 

Broken-stone road on firm foundation * 020 

Broken-stone road on flint foundation 0*029 

Gravel road 0067 

Boft sandy and gravelly ground 0*143 

If W be the greatest gross load to be conveyed, S the sine of the angle of the inclination of the 

gradient, then the maximum resistance will equal W (F -f S). If P be the greatest tractive force 

which can be exerted in ascending the gradient, then we have P not less than W (F -f S), or 8 

p 

should not be greater than == — F. This condition is essential, and fixes the inclination of the 

W 

mUftur gradient 

The following aro the general results of the experiments made by Morin upon this subject ; — 

1st. The traction ii directly proportional to the load, and inversely proportional to the diameter 
lyf the wheeL 

2nd. Upon a paved or hard macadamized road, the resistance is independent of the width of the 
tize, when it exceeds from 3 to 4 in. 

Srd. At a waUdne pace the traction is the same, under the same ciroumstances, for carriages 
with springs and wiuout them. 

4th. Upon hard macadamized and upon paved roads, the traction increases with the velodtv ; 
the increments of traction being directly proportional to the increments of velocity above the 
velocity 3*28 ft. a second, or about 2\ miles an hour. The equal increment of traction thus due to 
each equal increment of velocity is less as the road is more smooth, and the carriage less rigid or 
better hung. 

5th. Upon soft roads of earth, or sand, or turf, or roads fresh and thickly gravelled, the traction 
is independent of the velocity. 

6th. Upon a well-made and compact pavement of hewn stones, the traction at a walking pace is 
not more than three-fourths of that upon the beat macadamized roads under similar circumstances, 
and at a trotting pace it is equal to it. 

7tb. The destruction of the road is in all cases greater, as the diameters of the wheels are less, 
and it is greater in carriages without than with s|)rings. 

The general results obtained by John Macneill are given in the foUowmg Table, the 
numbers in which exhibit the tractive force requisite to move a weight of a ton under ordmary 
cixoomstanoe, at a very low velocity upon the several kinds of road mentioned. 
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Table II. 



Description of Road. 



On a well-made pavemont 

On a road made with 6 in. of broken stone of great hardness, laid either on a founda-*^ 

tion of large sCont^s, set in the form of a pavement, or upon a bottoming of concrete/ 
On an old flint road, or a road made with a thick coating of broken stone, laid on) 

earth / 

On a road made with a thick coating of gravel, laid on earth 



Force, in nM.t 
reqidradto 
move A toD. 



3d 
46 

65 
147 



Macneill has also given the following formnlie for calculating the resistance to traction on 
various kinds of roads. They have been deduced from a considerable number of experiments made 
on the different kinds of road specified below, with carriages moving at various velocities. Putting 
R for the force required to move the carriage, W the weight of the carriage, w that of the load, all 
expressed in pounds, v the velocity in feet a second, and c a constant number, which depends upon 
the surface over which the carriage is drawn, and the value of which for several different kLnds of 
roads is as follows ; — 



On a timber surface c 

On a paved road c 

On a well-made broken-stone road, in a drv, clean state c 

On a well-made broken-stone road, covered with dust c 
On a well-made broken-stone road, wet and muddy . . 

On a g^tivel or flint road, in a dry, clean state . . . . c 

On a gravel or flint road, in a wet and muddy state . . c 



c = 



2 

2 

5 

8 

10 

13 

32 



W -f- 10 to 
Wo have, in the case of a common stage wagon, B = — ^ — "*" 4?i "^ ^ '^ • ^^^ "* *^® **^ ^^ * 

stage coach, R = -.^^- -f - -f cr. 

As an example. What foroe would be required to move a stage coach weighing 2060 lb&, and 
having a load of 1100 lbs., at a velocity of 9 ft. a second along a broken-stone road covered with 
dust? 



Here we have 



2060 -f- 1100 . 1100 



-f 8 X 9 = 131 * 1 lbs. for the force required. 



6581. 




100 • 40 

We may now consider the additional resistance which is occasioned when the road, instead of 
being level, is inclined in a greater or less degree. In order to simplify the question, let us suppose 
the whole weight to be supported on one pair of wheels, and that the tractive force is applied in a 
direction parallel to the surface of the road. On this supposition let A B in Fig. 6581 represent a 
portion of the inclined road, being a carriage just sustained in its 
position by a force acting in the direction CD. It is evident that the 
carriage is kept in its position by three forces, namely, by its own 
weight W acting in the vertical direction C F, by the force F applied 
in the direction D, parallel to the surface of the road, and by the 
pressure P which the carriage exerts against the surface of the road 
acting in the direction G E, perpendicular to the same. To determine 
the relative magnitude of these three forces, draw the horizontal line 
A G, and the vertical one B G ; then, since the two lines C F and B G 
are parallel, and are both cut by the line A B, they must make the two 

angles F B and A B G equal ; also the two angles C E F and A G B are equal, being both right 
angles ; therefore the remaining angles F C E and B A G are equal, and the two triangles C F E 
and A B G are similar. And as the three sides of the fprmer are proportional to the three forces bv 
which the carriage is sustained, so also are the three sides of the latter, namely, A B, or the length 
of the road is proportional to W, or the weight of the carriage B G, or the vertical rise in the same 
to F, or the force required to sustain the carriage on the incline, and A G on the horizontal distance 
in which this rise occurs to P, or the force with which the carriage presses upon the surface of tiie road. 

We have therefore W : A B : : F : G B, and W : AB : : P : A G. And if we give to A G such 
a value that the vertical rise of the road is exactly 1 ft., we shall have 

« W W ^ . « J T^ W.AG W.AG _ 

P= -r-s = — — W.sin./3, and P= . ^ = . = W.co8.iB, 

AB VAG*-fl ^^ VaG«-|-1 

in which /3 is the angle BAG. 

Example, — What is the force required to sustain a carriage weighing 3270 lbs. upon a road, the 
inclinatiun of which is 1 in 30, and what is the pressure of the same upon the surface of tho road? 

Here the horizontal length of the road A G being 30, the inclined length A B = a/AG* + 1 is 
80-017, and we have, by the first rule, 3270 -«- 30-017 = 108-93 lbs. for the force required to sustain 
the carriage on the road ; and, by the second rule. (3270 x 30) -«- 30-017 = 3269*9 lbs. for the pres- 
sure of the carriage upon the surface of tho road. 

Since the pressure of a carriage on a eloping road is found by multiplying its weight by the 
horizontal length of the road, and dividing by tho inclined length, and as the former is always Uss 
tliau the latter, it follows that the force with which a carriage bears upon an inclined road is Idss 
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Table III. — continued. 









For a Stage Wagon. 


* 


For a Stage Coach. 


Rftteof 


Force 

required 

to draw 

the 


Force 

required 

to draw 

the 


Equivalent 


Equivalent 


Force 


Force 


Equivalent 


EquivalcBt 


tioo. 


Angle with 
the borison. 


length of 
level road 


length of 
levd road 


required 
to draw 


required 
to drew 


length of 
level road 


Iragthof 
leva road 


Wmnr»Mm 




for an 


for a 


the coach 


theooach 


for an 


ISora 






wagon up 

tflA 


wagon 

doumthe 

incline. 


atcending 


inoendimQ 


up the 


doiofitbe 


amending 


dttcendiiiff 






Incline. 


wagon. 


wagon. 


incline. 


incline. 


CT>fK'h. 


ooaoh. 




O 1 H 


lbs. 


Ihe. 


miles. 


miles. 


lbs. 


lbs. 


miles. 


mOesw 


1 in 325 


10 35 


305 


222 


1157 


-8433 


382 


341 


1056 


•9430 


„ 800 


11 28 


309 


219 


1-170 


•8301 


384 


839 


1-061 


•9381 


„ 290 


11 51 


310 


217 


1176 


•8245 


385 


838 


1-064 


•9358 


„ 280 


12 17 


812 


216 


1-182 


•8179 


886 


838 


1-066 


•9336 


„ 270 


12 44 


814 


214 


1-189 


•8111 


386 


837 


1-068 


•9814 


„ 260 


13 13 


815 


212 


1-196 


•8039 


887 


836 


1-071 


•9286 


„ 250 


13 45 


317 


210 


1-204 


•7963 


888 


335 


1-074 


•9259 


„ 240 


14 19 


320 


208 


1-212 


•7876 


390 


834 


1-077 


•9226 


„ 230 


14 57 


822 


205 


1-222 


-7785 


391 


332 


1-080 


•9192 


„ 220 


15 87 


325 


203 


1-232 


•7683 


892 


331 


1-084 


•9156 


„ 210 


16 22 


828 


200 


1-243 


•7573 


894 


830 


1088 


•9115 


„ 200 


17 11 


331 


197 


1-255 


-7451 


395 


328 


1-092 


-9071 


„ 190 


18 6 


334 


193 


1-268 


-7319 


897 


326 


1097 


•9024 


„ 180 


19 6 


338 


189 


1-283 


•7171 


399 


824 


1-103 


•8968 


„ 170 


20 13 


343 


185 


1-300 


•7004 


401 


322 


1-109 


-8908 


„ 160 


21 29 


348 


180 


1-819 


-6814 


404 


320 


1-116 


•8839 


„ 150 


22 55 


353 


174 


1*341 


•6587 


406 


817 


1-123 


•8761 


„ 140 


24 33 


360 


168 


1-364 


•6359 


410 


314 


1-132 


•8^73 


„ 130 


26 27 


367 


160 


1-392 


•6079 


413 


810 


1-142 


•8573 


„ 120 


28 39 


376 


152 


1-425 


-5752 


418 


306 


1-154 


•8451 


» 110 


31 15 


386 


142 


1-451 


-5491 


423 


300 


1-169 


•8308 


« 100 


34 23 


898 


129 


1-510 


•4903 


429 


294 


1-185 


•8142 


« 95 


86 11 


405 


122 


1-537 


•4634 


432 


291 


1-195 


•8045 


„ 90 


38 12 


413 


114 


1-566 


•4338 


436 


287 


1-206 


•7937 


„ 85 


40 27 


422 


106 


1-600 


•4004 


441 


282 


1-219 


•7801 


„ 80 


42 58 


432 


96 


1-637 


•3629 


446 


278 


1-232 


•7677 


« 75 


45 51 


443 


85 


1-680 


•3204 


451 


272 


1-247 


•7522 


« 70 


49 7 


456 


72 


1-728 


•2719 


457 


266 


1-265 


-7345 


„ 65 


52 54 


470 


57 


1-784 


•2161 


465 


258 


1-285 


-7148 


„ 60 


67 18 


488 


40 


1-850 


•1505 


474 


250 


1-309 


•6903 


„ 65 


1 2 30 


508 


19 


1-926 


•0736 


484 


239 


1-387 


-6620 


« 60 


18 6 


533 


• • 


2-019 




496 


227 


1-371 


-6283 


„ 45 


1 16 24 


562 


• • 


2- 133 




511 


212 


1-412 


•5871 


„ 40 


1 25 57 


600 


• • 


2-274 




530 


194 


1-464 


•5354 


» 35 


1 38 14 


648 


• • 


2-456 




554 


170 


1-530 


-4690 


„ 84 


1 41 8 


659 


• • 


2-499 




559 


164 


1-546 


-4535 


„ 83 


1 44 12 


671 


« • 


2-544 




565 


158 


1-562 


-4370 


„ 32 


1 47 27 


684 


• ft 


2-593 




572 


152 


1-580 


•4193 


„ 81 


1 50 55 


697 


• 9 


2-644 




578 


145 


1-599 


•4007 


« 80 


1 54 37 


712 


m • 


2-699 




586 


138 


1-619 


•3805 


« 29 


1 58 34 


727 


• • 


2-758 




593 


130 


1-640 


•3592 


„ 28 


2 2 5 


744 


• • 


2-820 




602 


122 


1-663 


-3363 


» 27 


2 7 2 


762 


• ■ 


2-888 




610 


113 


1-688 


-8119 


« 26 


2 12 2 


781 


• • 


2-960 




620 


103 


1-714 


•2854 


„ 25 


2 17 26 


801 


• • 


3038 




630 


93 


1-743 


•2566 


« 24 


2 23 10 


823 


• • 


3-120 




641 


82 


1-774 


-2257 


„ 28 


2 29 22 


8i7 


• • 


3*213 




653 


69 


1-808 


-1919 


,, 22 


2 86 10 


874 


• • 


3-313 




666 


56 


1 844 


•1554 


„ 21 


2 43 35 


903 


• ft 


3-423 




681 


42 


1-884 


-1150 


„ 20 


2 51 21 


933 


• • 


8-538 




696 


26 


1-926 


-0730 


„ 19 


3 46 


970 


• 9 


3-677 




714 


8 


1-977 


-0221 


„ 18 


3 10 47 


1009 


• • 


3-826 




734 




2 032 




» 17 


3 21 59 


1053 


• • 


3-991 




756 




2-092 




„ 16 


3 34 85 


1102 


• ft 


4 178 




780 




2160 




„ 15 


8 48 51 


1157 


• 9 


4-388 




807 




2-234 




„ " 


4 5 14 


1221 


• 9 


4-629 




839 




2-322 




„ 13 


4 23 56 


1294 


9 9 


4-906 




875 




2-423 




„ 12 


4 45 49 


1379 


• • 


5-229 




918 




2-540 




n 11 


5 11 40 


1480 


• • 


5-611 




968 




2-679 




„ 10 


5 42 58 


1600 


• ft 


6-067 




1028 




2-846 




» 9 


6 20 25 


1747 


ft • 


6-623 




1101 




3048 




« 8 


7 7 80 


1929 


• ft 


7-315 




1192 




3-300 




„ 7 


8 7 48 


2162 


• ft 


8199 




1308 




3-621 
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Thd fofpegoing Table may be coiuridered as affording a view of the oomparatiye disndyantage of 
liilly roads with Bght and heavy traffic. The stage wagon, weighing 6 tons, and travelling at the 
wpeed of 8 miles an hour, may be taken as a fa& average for goodis traffic^ and the stage coach, 
weighing 8 tons, and mnning 6 miles an hour, for passenger traSSo. From the Table we perceive 
that hills act maoh more nnfiavourably on the former than on the latter. The force which wotdd be 
recpiflite to move the wagon on a level road would be 264 lbs., and that to move the coach 362 Ibe., 
being an excess of 98 lbs. for the traction of the coach ; but with a road inclined at the rate of 1 in 
000, this excess is only (373—286) = 87 lbs., and when the inclination of the road amounts to about 
1 in 70 the forces required to draw them become equal. As the inclination of the road increases 
beyond this, the excess of the force requisite to draw the wagon over that necessary to move the 
coaoh increases rapidly, until, at an inclination of 1 in 7, it amounts to (2162 — 1308) = 854 lbs. 

If we oompare the forces required to draw either the wagon or coach up and down any given in- 
cline, we shall find that the former is as much greater than the force required on a level road as the 
latter is lees than the same. It might thence be concluded that in the case of a vehicle passing 
alternately along the road, no real loss would be occasioned by the inclination of the road, since as 
miKsh power would be gained in the descent of the hill as was lost in its ascent. Such is not, how- 
ever, practically the fact, for while the inclinations of the road render it neoessair in the ascending 
journey to have either a greater number or more powerful horses than would be requisite if the 
road were entirely level, no corresponding reduction can be made in the descending journey, as there 
must be horaes sufficient to draw the vehicle along the level portions of the road. 

Table IV. 



GndkDt. 



linlO 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
81 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
55 



n 
n 
f» 

99 
99 
99 

99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 

n 

99 

n 

n 
n 
» 

99 

99 
99 



Vertical 

riielna 

mile. 



Tertkal 
rifle ina 



528 


•0 


6- 


480 


•0 


6- 


440 


•0 


5- 


406 


1 


5- 


877 


•1 


4- 


352 





4- 


330 


•0 


4- 


810 


•6 


3- 


293 


3 


3- 


277 


•9 


3- 


264 





3- 


251 


4 


3- 


240 





3- 


229 


6 


2- 


220 


•0 


2- 


211 


2 


2- 


203 


1 


2- 


195 


5 


2- 


188 


5 


2- 


182 


1 


2- 


176 





2- 


170' 


3 


2- 


165 





2- 


160 





2- 


155 


3 




150 


9 




146 


•7 




142 


•7 




138 


9 




135 


•4 




132 


"0 




128 


'8 




125 


•7 




122 


8 




120 







117 


3 




114 


•8 




112 


3 




110 







107 


7 




105 


6 




960 


\^ • 



•60 
•00 
•50 
•08 
•71 
•40 
•12 
•88 
•67 
•47 
•30 
•14 
•00 
•87 
•75 
•64 
•54 
•42 
•36 
•28 
•20 
•13 
•06 
•00 
•94 
•88 
•86 
•78 
•74 
•69 
•65 
•61 
•57 
•53 
•50 
•47 
•44 
•40 
•37 
•35 
•32 
•20 



Angle 
whi<m gra- 
dient nuikeB 

with the 
horizontaL 



Sine of 
angle 0. 



5 
5 
4 
4 
4 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 



r It 




42 58 




11 40 




45 59 




23 56 




5 14 




48 51 




34 35 




21 59 




10 47 




46 




51 21 




43 35 




36 10 




29 22 




23 10 




17 26 




12 2 




7 2 




2 5 




58 34 




54 37 




50 55 




47 27 




44 12 


^ 


41 8 




88 14 




35 28 




32 53 




30 27 




28 8 




25 57 




23 50 




21 50 




19 56 




18 7 




16 24 




14 43 




13 8 




11 37 




10 9 




8 6 




2 30 





•09960 
•09054 
•08309 
•07670 
•07128 
•06652 
•06238 
•05872 
•05547 
•05256 
•04982 
•04757 
•04541 
•04344 
•04163 
•03997 
•03840 
•03694 
•03551 
•03448 
•03333 
•03226 
•03125 
03031 
•02941 
•02857 
•02777 
•02702 
•02631 
•02563 
•02500 
•02438 
•02380 
•02325 
•02272 
•02222 
•02173 
•02127 
•02083 
•02040 
•01981 
•01818 



Gradient. 



Vertical 

rise in a 

mile. 



linOO 
65 



» 



♦» 
»» 






70 
75 
80 
85 
90 
95 
100 
110 
„ 120 
„ 130 
„ 140 
„ 150 
160 
170 
180 
„ 190 
„ 200 
„ 210 
„ 220 
,,230 
„ 240 
„ 250 
„ 260 
„ 270 
„ 280 
„ 290 
300 
325 
350 
375 
400 
425 
450 
475 
500 
525 
550 



♦» 
»> 
»» 



>» 
»» 
»> 
»» 
n 
>» 
»» 
» 



575 
600 



88' 





1^ 


81 


2 


1^ 


75 


4 




70 


4 




66 







62 


•1 




58- 


•7 




55 


"6 




52 


8 




48 


•0 




44 







40' 


6 




37 


'7 




35 


2 




33 







31 


1 




29 


3 




27 


•8 




26 


4 




25 


1 




24 







23 







22 


"0 




21 


1 




20 


3 




19 


6 




18' 


9 




18' 


2 




17 


6 




16' 


2 




15 


1 




14 







13 


2 




12 


•4 




11 


'7 




11 


1 




10' 


•6 




10 


•1 




9 


6 




9 


2 




8' 


"8 





Vertical 

rise in a 

chain. 



Angle 

yslMD. gra- 

dlent malcee 

with the 
horixontaL 



•10 
•02 
•94 
•88 
•82 
•78 
•69 
•69 
•66 
•60 
•55 
•51 
•47 
•44 
•41 
•39 
•37 
•35 
•33 
•31 
•30 
•29 
•27 
•26 
•25 
•24 
•24 
•23 
•22 
•20 
•19 
•18 
•17 
•16 
•15 
•14 
•13 
•12 
•12 
•11 
•11 



















6 
6 



O / /f 

57 18 
52 54 
49 7 
45 51 
42 58 
40 27 
38 12 
36 11 
34 23 
31 15 
28 39 
26 27 
24 33 
22 55 
21 29 
20 13 
19 
18 
17 11 
16 22 
15 37 
14 57 
14 19 
13 45 
13 13 
12 44 
12 17 
11 51 
11 28 
10 35 
9 49 
9 10 
8 36 
8 5 
7 33 
7 14 
6 53 
6 33 
6 15 
5 59 
5 44 



























Sine of 
angle 0. 



•01667 
•01539 
•01429 
•01334 
•01250 
•01177 
•01111 
'01053 
•01000 
•00909 
•00833 
•00769 
•00714 
•00666 
•00625 
•00588 
•00556' 
•00527 
•00500 
•00476 
•00454 
•00435 
•00417 
•00400 
•00385 
•00370 
•00357 
•00345 
•00334 
•00308 
•00267 
•00267 
•00250 
•00235 
•00222 
•00210 
•00200 
•00191 
•00182 
•00174 
•00167 



In a practical point of view, therefore, we may consider that the fifth and ninth columns in 
Table Hi. express the length of the level road which would be equivalent to a mile of xoad with 
the stated inclination, the former ffiving the result for heavy traffic, and the latter for passenger 
tiaffio. For instance, opposite 1 in 75, we find in the ninth oolumn 1-247 mile, or nearly a 
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mile and a quarter, stated as the lengtli of a road having that inclination which would be equi- 
valent to one mile of a similar road perfectly level, because the same force would be requisite to 
move a coach of 3 tons at a velocity of 6 miles an hour along one as along the other. Although, 
however, they might be considered equal as far as the power requisite for traction was oonoemed, in 
other respects one might be more advantageous than the other ; as, for instance, the shorter road 
would cost least for repairing, and would occupy least time in being passed over. Table III., there- 
fore, merely expresses tbe equivalent length as &r as the mechanical power required for the traction 
is concerned. The relative merits in other respects depend generally upon so many various ciroum- 
stauoes as to render it quite impossible to lay down any specific rules for their determination. 

In Table IV. are given several valuable data for laying down the gradients on roads. The first 
column gives the gradient expressed in the proportion of the horizontal length to that of the peiv 
pendicular height. The second and third columns show the vertical rise in miles and c^iains 
respectively. The fourth columu contains the angle of inclination with the horizontal, and the last 
column the sine of the same angle, which will be found to facilitate the necessary calculations. 

Cross-section of Hoads.^The subject of the width and transverse form which should be given to 
roads must now be considered. As regards the first, a wide road is the best. It is an error to 
suppose that the cost of repairing a road depends entirely upon the extent of its surface, and conse- 
quently increases in the exact ratio of its width. The cost of a mile of road depends more upon the 
extent and nature of the traffic, and unless extremes be taken, it may be asserted that the same 
quantity of material would be necessary fOr the repair of a road, whether wide or narrow, which 
was subjected to the same amount of traffic. On the narrow road, the traffic, being confined more 
to one track, would wear the road more severely than when spread over a larger surface. The 
expense of spreading the material over the wider road would be somewhat greater, but the cost of 
the materials might be taken as the same. One of the advantages of a wide road is, that the wind 
and sun exercise more influt^nce in keeping its surface dry. The first cost of a wide road is cer- 
tainlv greater than that of a narrow one, and that nearly in the ratio of its increased width. 

I*or roads situated between towns of any importance, and exposed to much traffic, the width 
should certainly not be less than 80 ft., beisides a footpath of 6 ft In the immediate vicinity 
of large towns and cities, the width should be still farther increased. No specific rules can, how- 
ever, be given for the width in such situations, as experience wUl soon show the width which is 
requisite in any given situation. 

The form to be given to the cross-section of a road is a subject of much importance, and one upon 
which much difierence of opinion exists. Some advocate a considerable curvature in the upper 
surface of the road, with the view of facilitating the drainage of its sur&ce, while others object to a 
road being much curved. Again^ some roads have been formed on a fiat surface transversely, and 
others with a dip to the formation surface each way from the centre^ on the supposition that the 
drainage of the road will be thereby facilitated. 

One of the best forms which could be given to a road, is that its cross-section should be formed 
of two straight lines inclined at the rate of about 1 in 30, and united at the centre or crown of Uie 
road by a segment of a circle, having a radius of about 90 ft. This form of section is shown in 
Fig. 6582, and the rate of inclination there given is quite sufficient to keep the surface of a road 
drained, provided it is in good order and free from ruts. If such is not the case, no amount of con- 
vexity wluch could be given to the road would be of any avail, as the water would still remain in 
the hollows or furrows. This form of cross-section is equally adapted to all widths of road, as the 
straight lines have merely to be extended at the same rate of inclination, until they meet the side of 
the road. 
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Drainage of Roads, — Too much attention cannot be paid to the drainage of roads, both as regards 
their upper surface, and that of the substructure on which they rest. To assist the surface drainage, 
the road should be formed with the transverse section shown in Fig. 6583, and on each side of the rcMui 
a ditch should be formed of sufficient capeu^ity to receive all water which can fall upon the road, and 
of such a depth, and with a sufficient declivity, to conduct the same freely away. When footpaths 
have to be constructed on the sides of the roads, a channel or water-course should be formed between 
them, and small drains, formed of tiles or earthen tubes, such as are used for under-draining lands^ 
should be laid under the footpath, at such a level as to take off all the water which may collect in 
this channel, and convey it into the ditch. 

In the best-constructed roads, these side channels should be paved with fiints or pebbles. The 
drains under the footpath should be introduced about every 60 ft., and should have the same inclination, 
namely, 1 in 30, as used for the sides of the road, Fig. 6582 ; a greater inclination would be objec- 
tionable. It is a very frequent mistake to give too full a fall to small drains, the only effect of 
which is to produce such a current through them as to wash away or undermine the ground around 
them, and ultimately cause their own destruction. When a drain is once closed by any obstruction, 
no amount of fall which could be given to it will again clear the passage, while a drain, with a 
coubidcrable current through it, is much more likely to be stopped from foreign matter being carried 
int.3 it, which a less rapid stream could not have transported there. 
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In tbe caae of a road whose surface was drained in the waj jnst described, and whose snrface was 
composed of proper materials in a compact state, very little water would find its way through to the 
sabstratam. With some descriptions of soil, however, it would be desirable to adopt means for 
maintainiog the foundation of a road in a dry state ; as, for instance, when the surface is a strong 
day through which no water can percolate, or when the ground beneath the road is naturally of 
a soft, weC or peaty nature. Unaer such circumstances it would be desirable to provide for its 
proper drainage by a species of under-drainage. As soon as the surface of the ground has been 
fanned to the level intended for the reception of the road materials, trenches should be formed 
aoroBS the road, from 1 ft. to 18 in. in depth, and about 1 ft. wide at the bottom, the slides being 
sloped as shown in Fig. 6584. The distance at which these drains ought to be formed depends 
in a great measure on the nature of the soil. In the case of a strong clay soil, or one natu- 
rally very wet, there should be one about every 20 ft., and this distance might be increased as the 
gronnd became firmer or drier. In these trenches, a drain not less than 4 in. square internally 
should then be formed either of old bricks, drain-tiles, fiat stones, or in any other mode used for 
under-dnins, and the remainder of the trench should be filled with coarse stones, free from all clay 
or dirt, in the manner shown in Fig. 6584. Of course these drains must have a fall given them from 
the oentre of the road into the ditches on either side. An inclination of 1 in 30 will be sufticient. 
When the road is level in the direction of its length, these drains should run straight across, but on 
those portions of the road which are inclined the drains should be formed as shown on the plan. 
Fig. 6585, somewhat in the form of a very flat Y, the point being in the centre of the road, and the 
drains making an acute angle with the line of the road, in the direction in which it Mis. The 
amount of this angle should not be greater than is shown in Fig. 6582. 

6584. 0585. 
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VHien a road with footpaths is under-drained in the manner which we have just described, it 
will not be necessary to form drains from the side channel under the footpath into the ditch, as 
shown in Fig. 6582, but merely to carry up a little shaft, constructed in the same way as the drain, 
from the drain to the channel, covering the same with a small gnting to prevent leaves or other 
snbstanoes, which might choke the drain, being carried into it This method of forming the drains 
ia shown at A, in Fig. 6583. 

Foundation of Moauh, — Before the foundation of a road is laid, the gronnd must be prepared for it, 
by levelling, draining, and forming it. If the subsoil be wet and elastic it must be brought to a 
dry, toierably hard condition. It is of no use to lay good road materials upon a wet. bad substratum. 
Country roads, as distinguished from town roads and streets, are usually laid on the natural 
snrface of the ground, in spite of the expensive and continual repairs necessitated thereby. In iheae 
cases, when the nonnd is wet, and as frequently occurs, undramed, deep ditches should be cut on 
each side of the line of road and cross drams laid underneath. If the ground is very springy or 
boggy, a layer of fagots^ about 6 in. in depth, may be put down, before mstributing the road mate- 
rials. When the road is on an embankment the surface should be either rolled or punned, that is, 
beaten with heavy beetles, so as to ensure as great a degree of solidity as possible. The same 
mode of proceeding should be followed, even where it is intended to form either a paved or a concrete 
foondation, for too much care cannot be bestowed on that part of the road. 

One mode of forming an artificial foundation for roads consists in forming a rough pavement on 
the top of the formation surface, which is afterwards covered by the road materials. Upon the level 
bed prepared for the road materials, a bottom course or layer of stones is sot by hand, in form of a close 
firm pavement. The stones set in the middle of the road are 7 in. in depth ; at 9 ft. from the centre,, 
5 in. ; at 12 from the centre, 4 in. ; and at 15 ft., 3 in. They are set on their broadest edge length- 
wise across the road, and the breadth of the upper edge is not to exceed 4 in. in anv case. All the 
irregularities of the upper part of the pavement are broken off by the hammer, and all the'interstices 
filled with stone chips, firmly wedged or packed by hand, with a light hammer, so that when the 
whole pavement is finished, there shall be a convexity of 4 in. in the breadth of 15 ft. from the 
oentre. 

The foundations of roads 'exposed to a very heavy traffic, such as the streets of a large city, are 
generally now laid in concrete, whatever may be the nature of the road surface or materials subse- 
quently put on. In this case the proportion of gravel to lime is that of 4 to 1. The concrete 
is made on the surfetce of the road, and great care taken, when the water is added, that every par« 
tide of the lime is properly slaked and saturated. The bed of concrete having been spread to the 
depth of 6 in. over the half breadth of the ruad, the surface is then covered over with 6 in. of good 
hard gravel or broken stone, and this depth is laid on in two courses, of 3 in. at a time, the first 
oonrse being frequently laid on a few hours after the concrete has been placed on the road. The 
carriages, however, are not on any account allowed to pass over it until the concrete has become 
sufficiently hard and solid to carry the traffic without sufiering the road material to sink and be 
preased into the body of concrete. On the other hand, the covering of gravel is always laid on 
Dofore the concrete has become quite hard, in order to admit of a more periect binding and junction 
between the two beds, than would take place if the concrete were suffered to become hard before 
laying on the first covering. The beneficial efiect arising from the practice of laying on the gravel 
exacUy at the proper time is, that the lower stones, pressed by their own weight, and by those above 
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them, sink partially into the conorete, and thns reniain fixed in a matrix, from which thej cannot 
easily be dialodged. 

Surface of Roads, — MetaUingj or Macadam, — A macadamized or broken-stone road may be laid 
upon an artificial foimdation, or may consist altogether of broken stone or road metal. The former 
was Telford's plan, the latter that of M*Adam. The stone or road metal should be hard, tough, 
and durable. The best materials are granite, trap-rock, or whinstone. Hard compact limestone 
may also be used, and gravel composed of flints ; but all flints should be broken into angular pieces, 
as \l for concrete. The stones are broken down by means of a hammer with a steel face, into smaller 
and smaller pieces, until at length they are reduced to pieces roughly approximating to a cabical 
i^ape, and not exceeding 6 oz. in weight ; which, on an average, is the weight of a cube of stone 
of 1 '6 in. in the side. M^Adam directed each road iospector to carry a small balance, so as to be 
able to test the weight of a few stones from each heap. Besides breaking all gravel into angular 
pieces, it should be screened, to clear it of earth. 

The road metal, thus prepared, is to be evenly spread over the road with a shovel and rake, in 
three successive layers of between 3 and 4 in. deep, each layer being left to be partly consolidated 
by traffic before another is laid ; and thus is formed a firm, compact bed of angular fragments (tf 
stone, about 10 in. thick, which is impervious to water, or nearly so, and which soon acquires a 
smooth surface. According to M'Adam, 10 in. is the greatest thickness of metal required for 
any road, from 5 to 9 in. being often sufficient. His practice was to lay the metal simply on the 
natural ground, with no preparation except levelling inequalities and digging drains. 

In onier to make the traffic on a broken-stone road easier when it is first laid, a layer of sand 
and gravel, called blinding, is sometimes spread over it, but this practice is a bad one, for the 
sand and gravel work their way between the fragments of stone, and prevent their ever forming so 
compact a mass as they ought to do. 

Patied Roads. — Stone, — In towns and other places where there is a constant and heavy traffic, the 
streets are generally paved with stone. Cubes or setts of granite, from 3 to 6 in. wide, 7 to 20 in. 
long, and from 6 to 9 in. deep, are laid closely side by side upon a substratum of concrete or broksn 
stone, compressed into hard macadam, and the surface is grouted with lime and sand. A depth of 
9 in. is the maximum, even for the heaviest traffic in the streets of London, blocks 7 in. being 
sufficient for ordinary service, and 4^ in. the minimum anywhere. In London a pavement of new 
Aberdeen granite, 3 in. wide and 9 in. deep, under a heavy and concentrated traffic, such as that 
of Cheapside, must be renovated, and the stones redressed and relaid, every five or six years, but 
on ordinary roads mnite pavement, if properly laid in the first instance, will last from ten to thirty 
vears. When laiaupon bridges there should be a concrete substratum, not less than 6 in. thick, 
Detween the platform and the stone. A heavy road material of this kina is best adapted for short 
spans, for cast-iron arched bridges, and for other situations where the dead load may with advan- 
tage compare largely to the moving load. 

Paved Roads. — Wood. — The ordinary method of forming a roadway for permanent use is by 
laying blocks from 4 to 7 in. deep, close together, with the grain of the w(X)d vertical. Oak or 
other hard timber was formerly considered the best, but it has been found that fir, although not so 
hard, is better, and that its longer fibre renders it more durable than oak, and not so slippery. 

As under constant traffic the blocks will sometimes become loose, different plans have been tried 
for holding them together. Octagonal or hexagonal blocks have been fitted together so as to give 
homogeneity to the whole, and prevent lateral movement. The same result is sought by priming or 
mortising the blocks together, and many ingenious and complicated methods of this Kind have 
been attempted. In a large area the density of the blocks will vary, or the ballast or concrete 
below may not be equally solid at all points, and some of the blocks, under the pressure of a heavy 
load, will sink down and make an uneven roadway. To prevent this, the plan has been adopted 
of making the pieces of the shape in Fig. 6586, so that the pressure upon any one piece is to some 
extent borne by the adjoining piece. A considerable improvement on this plan is efiected by 
making the blocks of the shapes in Fig. 6587, so as efiectually to unite them against the downward 
pressure of a load. 

By the methods above described the blocks are laid close together; and as, under certain 
ciioumstances, a wood pavement may become slippery, it is by some en^neers considered that a 
better foot-hold for horses may be obtained bv leaving a gap between the blocks. Fi^s. 6588, 6589, 
illustrate one of these methdos, the blocks oeing laid f m. apart, and the spaces oetween them 
filled in with cement or mortar. But cement or mortar once disintegrated, as in this case is likely, 
will not again unite, and for cohesive purposes becomes useless. 

6586. 6587. 6588. 6589. 
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A pavement which seems to unite the supposed advantages of those in Figs. 6586 to 6589 has 
been used with some success in America, ana is now, 1872, on trial in London and other European 
cities. 

The arrangement of the blocks, and the process of laying them, may be thus described ; — Planks 
I in. thick, having been dipped in tar, are laid across the road upon a bed of concrete, or upon pre- 
viously existing hard macadam, and a second layer of similar planks is laid longitudinally. Dantzic 
fir blocks 9 in. long, 3 in. wide, and 6 in. deep, are then laid across the street upon the planks, and 
a long strip of wood, J in. square, is nailed to the bottom of the blocks and to the planking. This 
strip of wood forms a distance-piece, separating one row of blocks from another, and as the parallel 
rows are laid, there are, of course, gaps | in. wide between each. Into these gaps or spaces small 
grit or gravel, without sand, is inserted, and driven in by blows from a mallet ; and liquid tar ia 



^the aide* of ronde of greeter width than 30 fL. it would be mtiTement to have ft level eonatnieted 
in the maaner ghawn in Fi^. 6591, in wbich the A B u a straight-edge abont IS ft. hmg, having in 
the oentro of its length a pluramet C D, so adjosted that when hanging tmly in its place, the lowar 
side of the atrught-^dge diould be inclined ^m a horizontal line at the rate of 1 in 30. 

Fig, 6596 18 tho pick nsed foi lifting the anrfaoe of roads. The bent iron bead a b ahoold 
weigh about 10 Iba., having a lai^ e;e ia the centre c, m which ia fitted tbe handle, which abonld 
be of aah, rather more than 2 ft. in length ; one extremity, a, should be formed like the end (rf a 
chisel, while the other, h, sbould terminate in a blunt point. Both ends shoold be tipped with steeL 
The moflt naeful forto of shovel for rood porpoaes is sbown in Fig. 3841, p. IS34, The blads 
Bbould be aomewliat pointed, and the handle bent, so as to enable the person using it to bring the 
blade flat npon tbe surfaoo of tho load withont excessive stooping. 




The ordinary wheelbarrows are of ash or elm, with aa«t-iron wheels; bnt it would be an advan- 
tage if wheelbarrows for road purposes were made of wrought iron, which woold oombiae streugth 
t^ durability with lightness. Of whatever material, howL'ver, tliey are eonstracted, they shoold 
not exceed 9 in. in depth, and their sides should be splayed with a slope of 2 to 1 . It would be bIm 
verydeairable to have hooks placed on their sides to receive a shovel and pioh. 

The screens, or sieves, employed for separating the coame gravel fkim the ho^^ or nnaU 
gravel, consist of iron wires or slender rods, placed at equal distances apart, and fixed in a frame of 
wood, tbe sides of whioh ere raised about 5 in, above the plane of tbe wirea. In the screens the 
fromea are rectangular, about 5 ft. 6 in. in height and 3 ft. wide^ and the wirea are stretched in tin 
direction of its length at distnncos varying f^inn \ in. to IJ in., according to the size of the stone 
reqnired ; and tlieso wires are kept in place by others crossing them at intervals of 5 or 6 in. 
When used, they are placed so that tho plane of the wires is inclined about S0° from the upright, 
and the gravel to be screened beiog daslicd or thrown forcibly against them ; the finer particles 
pass tlirough and la\\ on the farther aide of tbe screen, while the large stones roll down its suri)u» 
and faU on the nearest side. The sieves ore somewhat diflerent in form, tbe frame being circular, 
forming a cylinder about 6 in. in depth and 20 in. in diameter, the wires being placed either as we 
have already described, or equally close in both directions, and funning a kind of bottom to the 
cylinder. The sieve is held borizontally by one man, while the other throws into it a shovelful of 
gravel. Upon shaking tbe sieve, the fine hoggin falls through, leaving the stones in the sieve, 
which are then thronn by the man into anything which mny be placed to receive them. The latter 
is generally the beet and cheapest mode of screening gravel. 

The hammers employed for breaking stones are of two sizes. Figs. 6S93, 6594. Tbe handles 
should be of straight-grained Eisb, and tho iron heeds of the form shown in the drawings : the &oea 
■pherioal, and case-hardened, or steeled. Fig. 6595 repTesenls the ring to be used for tosting the 
sue of the broken stones. Its internal dinmbter is 2\ in., and tbe lar^st stones should be able to 
be passed through the ring in every direction. 

Fig. 6997 lepreaenls a pronged fork, to be used icsteAd of a shovel for taking ap the stonoB to 
throw npon the mod. The advantages attending Its nee are, that a man can take up the stooei 
much quicker and easier than with a shovel, ana free from all dirt and extraneous matter which, 
in the case of broken angnlar stonee, Is of importance. 
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The nkee, wbidh should be employed in filling in rata and hollow places in the snr&oe 
of roads, should be fonned with prongs between 2 in. and 3 in. in length, fixed, at the distance 
of f in. apart, into a wooden head about 11 in. in length. Their handles should be formed of ash, 
and should be about 6 ft. in length. Scrapers are indispensable for preserving roads in a proper 
aiate and free from mud. They are usually oonstructed of wood shod with wrought iron, but it is 
much better to make them entirely of iron. They should be 6 in. in depth, and about 18 in. in 
length, and slightly curved at each extremity to prevent the escape of mud at each side. 

Scraping machines are very generally employed, by means of which the surface of a road may 
be seraped much more regularly and quickly ibaii with the old scrapers. They consist of a number 
of iron scrapers, attached to a frame mounted on wheels, which are so placed that, when the body 
of the machine is somewhat raised, the wheels are lifted from the ground, and the whole weight of 
the machine is thrown upon the scrapers, which, upon the machine being drawn across tlie riMul, 
scrape all the mud from its surface, and carry it to tne sides. 

A machine has also been invented by Whitworth for sweeping up the mud from the roads and 
carrying it away at once. It consists of a species of endless broom, passing round rollers attache I 
to a mud oart, and so connected by coeged wheels with the wlieels of the cart, that when the latter 
is drawn fiirwards, the broom is caused to revolve, and sweeps the mud from the surface of the road 
up an inclined plane into the cart. The machine is drawn by one horse, and by its aid the roads 
are swept much more rapidly and better than by the old system of scraping. 

Fences, — Where fences are indispensable theysbould be kept as low as possible, and thrown as 
fitf as is possible from the sides of the road, where the road has a deep ditch on either side, it 
then becomes necessary, to prevent accidents, that the fence should be placed between the road 
and the ditch. In all other situations, the fence should be placed on the field side of the ditch, for 
the double reason, that in so doing the surface drainage of the road into the side ditches is less 
interfered with, and tliat the road is then not so much Weltered by the fence itself. The dififerent 
descriptions of fence which may be employed are very various, and those which answer in the case 
of railways will do equally well for roads. 

RoUing Roads. — ^The importance of rolling roads, either newly constructed or when subjected to 
extensive repairs, is now duly appreciated, and a road may be put at once into good working con- 
dition, and a considerable expense eventually saved, by thorough systematic rolling. No road 
ought to be considered as made until that operation shall be completely effected. 

There are certain considerations which may serve as guides to arrive at first conclusions with 
regard to rolling roads, which in London and other large cities is usually done by steam rollers. 

A roUer i^ould not be too heavy in proportion to its bearing surface, or, instead of binding the 
material in the position and form laid down and desired, it will press it more or less into the sub- 
stratum. Much of the material will thus become useless, and it will be very troublesome to obtain 
the necessary resistance for consolidation. It must not be too light, or the effect will be too small 
ever to gain the object fully, or at any rate without an extent of operation that would be very 
oostly or inconvenient. From recorded trials, there is reason to believe that a road roller should 
not be lighter than 28 cwt. for every 12 in. lineal bearing on the road ; that is, if 4 ft. wide, that 
it should weigh 5 tons 12 cwt. ; if 3 ft. 4 tons 4 cwt., and so on in proportion. It should ordy be 
applied to the upper surface of the road. 

A roller somewhtit heavier than 28 cwt. a foot would be more effective, but it is better after tliat 
limit, to gain the object rather by adding to the number of times that the surface is passed over, tiian 
incur the inconveniences of the heavier machinery. For effect, the wider a roller can be the better, 
because the operation will be more quickly performed, and because, in proportion as it is narrow, 
will there be a tendency to force the broken stone laterally from under its action. But, as the weight 
must be in proportion to its bearing surface, the width must be limited to a degree that will prevent 
that weight being too unwieldy. A very narrow roller might also have a tendency to overturn. 

On the other hand, one that is very wide may take up too much room, if the road is open to 
trafBo during the time of its use. 

It ii absolutely necessary to applv some gravel, or other sharp, gritty, fine stuff on the surface, 
during the operation, without which it will not be thoroughly bound. The consolidation com- 
mencee with the lower part, which is the first to get fixed and arranged, and when, after about 
six turns over the whole, the upper layers have become tolerably firm and well bedded, bome sand 
car stone-dust, or, what is best of all, sharp gravel, may be lightly sprinkled over it by degrees at 
every successive rolling, solely for the purpose of filling up the interstices of the broken stone, and 
not to cover it. About 3 cub. yds. in 100 sq. yds., equal to about 1 in. in thickness, spread over 
the whole surface, will be required. It is essential that this small stuff be not applied earlier, 
or it will get to the lower strata, and not only be wasted, but injurious. The object .is that it should 
penetrate for 2 or 3 in. only, to help to bind the surface. Provided the upper interstices are filled, 
the leas g^vel used the better. It should be applied by degrees after each of the three or four 
last SFoecessive passages of the roller, and then onlv over the places where there are open joints. 
After the work, if weU done, is completed, it is stated that such is the effect tliat the upper crust 
may be raised in eeJces of 6 or 7 sq. ft. at a time, which could never be done without the gravel. 
The efleot may be improved also by having the upper inch or two of stone finer than the rest, to 
pass through a ring of 1^ in. or 1} in. This work should be done in wet weather, or the material 
will require to be watered artificially, as is done in practice. 

See Asphalts. Pebmanemt Wat. Bailwat Enqineerino. 

Works relating to the «i6/ac« ;— Gautier (H.), * Traite dcs Chemins,* 8vo, Paris. 1721. Delaiatre 
(J. B.), 'Dictionnaire des Fonts et Chaussees,' 3 vols. Svo; atlas 4to, Paris, 1812. Edgeworth 
(B. R), * On Roads and Carriages,' 8vo. 1817. M*Adam (J. L.), * On Ronds/ 8vo, 1821. Cordier 
(J.), *Es8ais sur la Construction des Routes,* 2 vols. 8vo; atlas in fol., Paris, 1823-28. Parnell 
(Sir H.), * A TieatLse on Roads,' 8vo, 1838. Lealiy (E.), * On Making and Repairing Roads,*. 12mo, 
1844. PoloDceau (A. R.), * Notice sur PAm^oration des Routes,' 4to, Paris, 1844. * Programmes 
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de rficole des Pouts et Chauas^* 10 vols. 4to, 1848-1872. Burgoyne (Sir J. F.), « Art of Con- 
structing and Repairing Common Roads,' 12mo, 1861. Paget (F. A.), * On the Economy of Road 
Maintenance/ 8yo, 1870. Gillespie (W. M.), ' Principles and Practice of Road Making/ 8vo, New 
York, 1872. See also * Life of Thomas Telford,' C.E., 4to, and fol. ; and Papers in the * Minutes of 
the Institution of Civil Engineers,' the * Annales des Pouts et Chaussdes,' and the ' Profeadonal 
Papers on Indian Engineering.' 

ROCK-SHAFT. Fb., Arbre oscUlant; Geb., OscilHrende welle; Ital., Albero oaciUanie ; Spah., 
Arbol oscilante. 

Rock-shaft is a name applied to any shaft that oscillates on its journals, instead of reyolTing; 
more strictly, a yibrating shaft for modifying motion in the yalve-gear of a steam-engine. It ii 
called also rocker and rocking shaft. 

ROLLING MILL. Fb., Laminoir ; Geb., Waiztoerk ; Ital., Laminatoio ; Span., Laminacbr. 

See Ibon. 

ROOFS. Fb., ToUs; Geb., Ddcher; Ital., Tetto'; Span., Tejados. 

The subject of roofs is one which is closely allied to that of bridges, especially since the intro> 
duotion of iron as a constructive material, and its increasing employment by engineers and archi- 
tects in both these descriptions of structures. A roof is, in fact, nothing else than a bridge, whidi 
has comparatively a light load to support, and one, moreover, which is of a less variable and 
impactive character. The greatest static load which can come upon a roof is when it is covered 
with snow, and the greatest dynamical, when one lialf of it is exposed to the action of a violent 
storm, or wind pressure. The former is provided for by making the roof strong enough in every 
I)art to bear this maximum load, and the latter by a proper arrangement of bracing and vrind- 
ties. The greatest strain to which a roof can be exposed, whether statical or dynamical, is iriflinff 
in comparison with that which would attend a bridge of equal span, intended for either heavy road 
or locomotive traffic. In some few instances, roofs and bridges have been built almost identical in 
shape, and in the examples of iron roofs and bridges there is frequently a general resemblance both 
in principle and form. The different piuposes for which the two structures are intended, and the 
difterent conditions under which they are placed, otherwise than when the mere question of strain 
is concerned, prevent that close resemblance being universally obtained. Practi(^ considerationa 
also will always, and particularly in large examples, tend to maintain that diversity of arrangement 
which experience has shown to be not only unavoidable but absolutely necessary under the circum- 
stances. 

Classification of Boofs. — Roofs can be divided into two classes, which will comprise all roof 
structures, namely, those in which the pressure upon the supports is at an angle outwards with the 
vertical, and those in which it is in a vertical direction only. Accordingly roofs without a hori- 
zontal thrust are complete in themselves, or self-contained, and those with a horizontal thrust ars 
incomplete, and their stability depends on that of the abutments. To these, however, must be 
added a third class, which, taken separately, have a horizontal thrust, but which, by being arranged 
upon a circular, elliptical, or polygonal base, and inclined towards a common centre, can be made 
dependent upon each other, and independent of abutments, by connecting them at their springing 
by a tie, which, as it joins all the principals at their springing, is in plan a polygon. Suoh roofii 
are calleid domed or curved roofs. 

Designing Roofs, — Before an engineer can undertake to design and prepare the necessary drawings 
for either a timber or an iron roof, it is indispensable that he be supplied with some data, however 
slight, upon which to proceed. In general he will require the following, in addition to the grouml 
plan and proposed height of the structure. 1. The description of support provided for the roof, so 
that he may determine whether the design shall be that of a simple trussed roof or of au arohed 
roof, which would exert a horizontal thrust against the walls or columns upon which it might be 
carried. 2. The purpose for which the building is intended. Beyond a width of about 40 ft., the 
question arises whether the roof shall be made in one or more spans, and as the cost may in some 
cases be considerably diminished by having the roof supported at intervals between the walls, so 
reducing the width of any one span, it is necessary to know if intermediate columns or walls, so 
placed, will prove an obstruction. 3. It must be known whether the building is to be open at the 
sides and ends, or to be enclosed, and if the latter, whether by walls, or by iron screena, or glass. 
4. As it is sometimes cheaper and better to make a roof hipped, Figs. 6598, G599, than gabled, Figs. 
6600, 6601, any reason or preference for or against either 

plan should be given. 5. The nature of the climate 6598. 6599. 6600. 660i. 

should be stated with reference to the following points : 
— The ventilating arrangements which may be needed ; 
the kind of roof covering most suitable ; the strength of 
the roof for resisting heavy winds or hurricanes; the 
nature and amount of light required, and the gutters and rain-pipes necessary. Any local drain* 
to which the rain-water must be conveyed should be indicated, so that the vertical pipes or water 
columns may be arranged accordingly. 6. The designer should be informed whether the structure 
is to have any ornamental character, or whether cheapness is the primary consideration. 7. If there 
are difficulties in the way of transporting materials to the site, they should be stated, so that, if 
necessary, the roof may oe made in pieces of moderate size and weight It is useful to know 
whether skilled labourers can be obtained for erecting the roof, so that if it is difficult to procure 
them, the design may be contrived with special reference to facility of erection. Information also 
should be affordod as to what materials, such as brick, stone, or timber, can be obtained near the 
site, and, if possible, at what prices. It may be stated as a general rule, that roofs and buildingia, 
especially when of iron, should have their parts equally divided. A hipped roof should consist di 
regular squares, in accordance with which the columns, principals, and purlins can be arransred. 
Facilities for repetition and the economical disposition of material are afforded by making the 
divisions of the sides and ends corresponding. Thus a plan arranged as in Fig. 6602, with the side 
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and end fipaces all equal, ia better than an irregularly shaped plan. Where an irregular plot of 
grunnd has to be ooyered, it ia better to confine the irregularity to as few points as possible, and to 
let the greater paii of the structure be composed of rectangular or other uniform 
figures, than to provide for the irregularities by altering the dimensions of parts 
gradually throughout the whole building. 

Pitch of Jioofa. — The pitch of a rooi, or the angle which its inclined side 
forms with the horizon, is varied according to the climate and the nature of the 
coyering. The inhabitants of cold countries make their roofs very high, while 
thoee of warm countries, where it seldom rains or snows, make their roofs nearly 
flat, but the practice even in the same climate has varied considerably. Low 
roofs require large slates and the utmost care in execution. They are cheaper than high ones, 
since they require timbers of less length and of smaller scantling. Formerly the roofs were mado 
very high, pernaps with the notion thftt the snow would slide off easier, but wnere there are parapets 
a high roof is attended with bad effects, as the snow slips down and stops the gutters, and an over- 
flow of water is the consequence. Besides, the water in heavy rains descends with such velocity 
that the pipes cannc»t convey it away soon enough to prevent the gutters overflowing. In high 
roofs the action of the wind is one of the most considerable forces they have te sustain, and it is 
supposed to have been with a view of lessening their height that the Mansard or curb roof was 
invented. The quantity of room lost by a c]irb roof, the difSculty of freeing the gutters from snow, 
and the ungraoeful effect of the roof itself, are objections that are not compensated by the small 
difference of-the expense between it and a common roof, especially now that experience has proved 
that I00& may be made much less in height Uian our ancestors were in the habit of making them. 

The height of timber roofs at the present time is very rarely more than one-third of the span, 
and should never be less than one-sixth. The usual pitoh for slates is when the height equals one- 
fourth of the span, or when the angle with the horizon is 26|°. Near the sea, or in very exposc^i 
situations, the height of the roof should be one-third of the span, for if less, the rain and snow will 
lie driven under the slates by the wind. 

The same conditions with respect to the piteh prevail in the case of iron roofs when they are of 
the trussed form. Greater latitude is allowea when ^e arch forms are used, as will be seen from the 
examples selected for illustration. 

iMids on Roofs. — Statical or Permanent Load.—The load on a roof is of a double character, and 
consists of the statical or permanent load, and the dynamical or accidental load. The static load 
is composed of the weight of the framework which includes the principals, primary and secondary, 
And the purlins, and of the weight of the covering tegeUier with the louvres, glazing, and any 
ornamental additions. 

Dynamioal or Accidental Load, — The accidental load consists of snow and the pressure of the 
wind. An allowance of about 6 lbs. a square foot is sufficient in England, but a maximum of 
20 lbs. has been allowed in other countries. The estimate of the allowance for wind pressure may 
be put at about 80 lbs. a square foot. Tredgold estimated the tetal accidentel load on roofs at 
40 lot. a square foot of surface covered, or say 85 lbs. for wind and 5 lbs. for snow pressure, and the 
largest roofs are generally constructed for a uniformly distributed vertical load of this amount. 
When, however, the great Lime Street roof at Liverpool of 153 ft. span was erected, it was imme- 
diately seen that a uniformly distributed load was not the worst casualty to which it might be 
subjected. Locke, therefore, in spite of a protest from ite designer, required that a rib should be 
tested with a load of 40 lbs. a square foot hung on one half the roof, the other being unloaded, thus 
iniitating, as nearly as was possible with a vertical load, the effect of the wind pressure acting 
broadside on. A nb of the great Birmingham roof was similarly tested, first with 40 lbs. a square 
foot uniformly dbtributed over the whole roof, and next with a similar load on half the roof only. 
In these cases the testing load represented the snow pressure, the wind pressure, and the weight of 
the permanent roof covering. 

The ordinary force of gales amounte te from 20 to 25 lbs. a square foot on a surface perpen- 
dicular to their direction. More rarely, higher pressures .are registered, ranging from 88} lbs. to as 
much as 55 lbs. 

If the maximum pressure of the wind is assumed at 40 lbs., it will be sufficient. On the 
inclined surface of a roof the pressure will be much less than this, the law of the variation of the 
pressure with the inclination being known with tolerable accuracy from the experimente of Hutton. 
Let P be the intensity of the wind pressure in lbs. the square foot, on a surface perpendicularly 
opposed to it ; the inclination of any plane surface to the wind's direction. Then the intensity of 
the pressure normal to the surface will be, Pn = P sin. 9 im«».«-i. The component of that 
pressure, parallel to the wind's direction, will have the intensity, P A=P sin. B iwoc* ^^ The com- 
ponent perpendicular to the wind's direction, the intensity, Pr = P cot. 9 sin. B im<»». 9, 

That is, if the wind blow horizontally P A is the horizontel and P v the vertical component of the 
pressure on the roof. Putting P =■ 40, we get the following values of the normal pressure and ite 
oomponents, for various inclinations of the roof surface to the direction of the wind ; — 

Lbs. ▲ Bquabb Foot of Surface. 
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Now whether a roof is exposed to a Tertical wind-pressure of 85 lbs. a square foot, aa in Tred- 

gold*s assumption, or not, it is certain that it will be exposed to the pressure of winds blowing 
orizontallj. If, therefore, according to the common practice, the roof is designed to resist a uni- 
form yertioad pressure of 40 lbs. a square foot, plus the weight of the framing, it is at leabt equally 
necessary to examine whetlier it will resist the partial normal pressures giyen in the preyious 'Table, 
which, m many cases, will produce a much greater distorting effect, and an entirely different 
distribution of stress on the bracing. It is difQeult to fix the limits of the probable yariation of the 
direction of the wind relatively to the roof, but if we suppose that in eddying gusts it may strike 
the roof, in any direction between the horizontal and vertical, then the maiimum stress on any 
giyen member will be found in one or other of the three following cases ; — 

1. Wind blowing horizontally, which is the most ordinary condition of loading. 

2. Wind normal to one side of the roof surface. 

3. Wind vertical, which may possibly happen as a momentary condition, but which is certainly 
the least probable of possible modes of loading. The ordinary assumption, that the roof is subject 
to uniform vertical loads only, supposes the wind vertical, and neglects the horizontal component 
of the pressure, which will exist even in that case. 

In the two former cases the loading due to the wind is unsyrometrically and unequally distri- 
buted. In the third case the loading is uniform in straight-raftered roofs, and symmetrical in 
arched roofs. 

Tmther Roofs. — Roofs of this material have, similarly to bridges, been greatly superseded by those 
of iron, particularly when of large dimensions. For small spans, timber roofs wiU always be employed, 
so long as the material is procurable. For spans of moderate dimensions, they are still yery fre- 
quently used. They are less heavily strained than bridges, and are, moreover, if well built, better 
secured from the effects of the weather, and are consequently more durable. As a rule timber roofs 
are built a great deal too heavy, a consequence probably of a somewhat too servile adherence to 
old types of construction, in which weight was synonymous with strength. The most economical 
roof, and the one also which will best fulfil the conditions of proportion and efficiency among its 
relative parts, will invariably be that which contains the minimum amount of material, provided 
the structure be scientifically designed. The principal point of difference to be noticed in the com- 
parison of the ancient and modem roofs is, that in the former the abutments in the form of buttresses 
were employed to take the thrust at the feet of the rafter, while in the majority of the latter, a tie, 
horizontal or inclined, is used instead. 

Of timber roofs there are numerous varieties, the best known of which and those most frequently 
employed we shall briefly describe and illustrate. 

Fig. 6603 is a very simple truss, in which the tie is above the bottom of the feet of the prin- 
cipals, which is often done in small roofs for the sake of obtaining height. The tie in this case is 
odled a collar. The feet of both common and principal rafters rest on a wall-plate. The purlins 
rest on the collar, and the common rafters abut against a ridge running along the top of the toot 
This kind of truss is only suited to very small spans, as there is a cross strain on that part of the 
principals below the collar, which is rendered hs^mless in a small span by the extra streng^ of the 
principals, but which in a large one would be very likely to thrust out the walls. 

In roofs of larger span the tie-beam is placed below the feet of the principals, which are tenoned 
into, and bolted to it. To keep the b^m from saggine, or bendmg by its own weight, it is 
suspended from the head of the principals by a king-post of wood or iron. 
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The lower part of the king-post affords support for the struts supporting the principals imme- 
diately under the purlins, so that no cross strain is exerted on any of the timbers in the truss, but 
thev all act in the direction of their length, the principals and struts being subjected to compression, 
and the king-post and tie-beam to tension. Fig. 6604 is a sketch of a king-truss. The common 
rafters abut on a pole-plate, the tie-beams resting cither on a continuous plate, or on short bed-plates 
of wood or stone. Wnere the span is considerable, the tie-beam is supported at additional points 
by suspension pieces called queen-posts. Fig. 6605, from tlie bottom of which spring additional 
struts. By extending this principle, we might construct a roof of any span, wore it not that a 
practical limit is imposed by the nature of the materials. Sometimes roofs are constructed without 
king-posts, tlie oueen-posts being kept apart by a straining piece, as in Fig. 6606, which shows the 
design of the old roof of the church of St. Paul, outside the walls, at Rome. This truss is interest- 
ing from its early date, having been erected about 400 years ago and since destroyed. The trusses 
are in pairs, a king-post being keyed in between each pair to support the tie-b^ims in the centre. 

The lareest timber roof ever designed in one span was intended for the Imperial Riding House 
at Moscow^ but was never built. The span was 235 ft., and the elevation is shown Fig. 6607. The 
principal feature in this roof was an arched beam, the ends of which were kept ft^m spreading by a 
tie-beam, the two being firmly connected by suspension pieces and diagonal braces. The arched 
beam, Fig. 6608, is formed of three thicknesses of timber, notched out to prevent their sliding on 
each other. This method is objectionable on account of the danger of the splitting of the timber 
under a oonsiderable strain. 
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nsB of iron to a greater extent than appears in this design. Fig. 6612 is a de.>ign taken from 
EmVs and Demanef s works. It is particularly adapted for a ship-builder's shed, and has been 
nsicd for covering locomotive sheds. Unless the sides arc well covered in, this description of roof is 
very liable to be blown off by the wind getting in underneath. It would also require very strong 
holding-down bolts, let into a good block of concrete or large deep bed-stones ns in the figure. About 
thirty years ago a portion of a roof of this kind, erected at Chatham, was blown clean away, for a 
distance of GO or 70 ft. 
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About the bixteenth century, Phililxirt de Ix>rme, a celebrated French architect, introduced a 
description of roofs and domes with a series of arched timber ribs in place of trusses, these ribs being 
formea of planks in short lengths, placed edgewise, and bolted together in thiokneasea, breaking 
joints. 

There are some grent disadvantages connected with this system. The labour is great as com- 
pare 1 with roofs of similar span of the ordinary construction, and, as the chief strength of the rib 
depends upon the lateral coh< sion of the fibres of the wood, it is necessary to provide a large 
amount of surplus strength. But Emy proposed an improvement on the system which was precisely 
the laminated arched rib wliieh has continued in use to the present day. 

This design was put into execution in the erection of a large roof 65 ft span at Marao, near 
Bayonne, Fig. 6613. The ribs in tiiis roof are formed of planks bent round on templets to the proper 
curve, and kept from separating by iron straps, and also by the radiating struts which are in pairs^ 
notched out so as to clip the rib between them. 

The princii)le of the roof is exccedinglv good. The principals, wall-posts, and arched rib form 
two triangles, firmly braced together, and exerting no thrust on the walls, and the weight of the 
whole roof being thrown on the walls at the feet of the ribs, and not at tlie pole-plate, the walls are 
not tried by the action of a heavy roof, and the consequent saving in masonry is very great. 

The great difference in principle between the arolied rib of Philibert de Lorme, and the laminated 
rib of Emy, is, that in the latter the direction of the fibro of the wood coincides with the curvatxu« 
of the rib, and, as a consequence of this, the joints are much fewer. The rib possesses oonsideruble 
elasticity, so as slightly to yield ratiier than break under any violent strain, and, from the manner 
in which the plauks are bolted together, it is impossible for the rib to give way, unless the force 
applied be sufficient to crush the fiores. 

Gothic Roofs. — The open timber roofs of the middle oges come, for the majority, under the 
second clas!>, namely, those which exert more or less thrust upon the walls, although there are many 
fine examples in which this is not the case. 

The high-pitched roofs of the largo halls of the fifteenth and sixteenth centuries, for the moot 
part, are trussed in a very perfect manner, so as to exert no thrust upon the walls; although, 
in some instances, as at Westminster Hall, they depend upon the latter for support. 

The general design of these roofs is shown In Figs. 6614, 6615. The essential parts of each 
truss are a pair of principals connected by a collar or wind-beam, and two hammer-beams, with 
queen-posts over them, the whole forming thrt'O triangles, whicli, if not secured in their relative 
positions otherwise than by tiie mere transverse strength of the principals, would turn on the points 
c, c. Fig. 6615, the weight of the roof thrusting out the walls in the manner shown in the figure. 
There are two ways in which a truss of this kind may be prevente<l from spreading. 1st. The ends 
of the hammer-beams may be connected with the collar by tension pieces a, a, Fig. 6614, by which 
the thrust on the walls will be converted into a vertical pressure ; 2nd. The hanmier-beams mav be 
kept in their plaoes by struts 6, 6, the walls being made sufficiently strong by buttresses, or other- 
wise, to resist the thrust. In existing examples, we find sometimes one and sometimes the other of 
these plans followed, and occasionally both methods aro combined in such a manner that it is often 
difficult to say what parts are in a state of compression, and what are in a state of tension. The 
roof of the great hall at Hampt<m Court. Fig. 6616, is very strong, and so securely tied, that were 
the bottom struts 6, 6, removed, thero would be little (Linger of the principals thrusting out the walls ; 
and, on the other hand, from the weight of tho roof being carried down to a considerable distance 
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below the hamxner>beaiii8 by the wall-posts, the walls themselves offer bo mnch resistance to side 
thrust, that there would be no iDJarious stiain on them were the tension pieces a, a, removed. 



6614. 



6617. 




6616. 





6616. ^ ^- 





' The constraction of the roof of the hall at Eltham Palace, Kent, Fig. 6617, differs very consi- 
derably £rom that of the Hampton Court roof. The whole weight is thrown on the top of the wall, 
and this bottom pieces 6, 6, are merely ornamental, the tension pieces a, a, forming a complete tie. 
This has been shown by a partial £ulare which has taken place. The wall-plates liaving become 
niten in oonseqnence of the gutters being stripped of their lead, the weight has been tiirown on the 
paendo-fftnits, which have bent under the prd^sure, and forced out the upper portion of the walls. 

The roof of Westminster Hall, Fig. 6618, is one of the finest examples now existing of open 
timbered roofs. The peculiar feature of this roof is an arched rib in three thicknesses, sometliing 
an the principle of Philibert de Lorme. This is so slight, compared with the great span, that it is 
probable in designing the roof, the architect took full advantage of the support afforded by the 
thickness of the walls and the buttresses, if, indeed, the latter were not added at the time the 
present roof was erected, in 1395. It has bean ascertained that the weight of the roof rests on 
the top of the walls, the lower part of the arch^ rib serving only to distribute the thrust, and to 
aasist m preventing the hammer-beams from sliding on the walls. 

The examples adduced are sufficient to show the general principles of building roofs of timber. 
For particulars of the manner in which the different members are framed togeuer, and for the 
rules for determining their strength, see Constbuction. 



TaBLI I. — SCANTLIlTaS OF 


TiMBEB FOB Different Spans, fboh 20 


TO 30 Feet, fob the Roof, 






Fio. 6604. 








Sftn. 


Tie-beam. 


King-post. 


Principal 
Rafters. 


Struts. 


Purlins. 


Small Bafteri. 


UeL 


incheiL 


inches. 


indies. 


inches. 


inches. 


inches. 


20 


9ix4 


4x3 


4x4 


3^x2 


8 X 4| 


3| X 2 


22 


9}x5 


5x3 


5x3 


3ix2i 


8i X 6 


3ix2 , 


24 


10|x5 


5x3i 


5x3J 


4 X 2J 


8i x5 


4x2 


26 


1UX5 


5x4 


5 X 4i 


4Jx2i 


8| X 5 


4J X 2 


28 


11} X 6 


6x4 


6x3i 


4^ X 2f 


8f X 5^ 


4J X 2 


SO 


12^x6 


6x4i 


6x4 


4f x3 


9 X5J 


4i X 2 



In this Table the trusses are supposed to bo not more than 10 ft. apcu^, the pitch of the ixrnf 
about 27 degrees, the covering slate, and the timber Baltic pine, or other equally strong. 
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Table II. — Scantlings fob Roofs, from 30 to 46 Feet Span, fob the Roof, Fig. 6605 ; 

Tbusses 10 Feet afabt. 



Span. 



Tle-bcam. Qaeen-poats. 



Principal 

Rafters. 



King-post. 



Braces. 



Purlins. 



Small 
Baftsn. 



feet 


Inches. 


inches. 


inches. 


inches. 


inches. 


inches. 


Inches. 


32 


10 x4i 


4Jx4 


5 x4J 


6| X4J 


3} x2i 


8 x4i 


3i X 2 


34 


10 X 5 


5 x3J 


5x5 


6|x5 


4 X2J 


8ix5 


3}x2 


36 


m X 5 


5x4 


5x5} 


7x5 


4JX2J 


8^x5 


4x2 


38 


10 X 6 


6x3} 


6 x6 


7i x6 


4ix2i 


8|x5 


4x2 


40 


11 X 6 


6x4 


6x6 


8x6 


4ix2| 


8| X 5 


4ix2 


42 


llj X 6 


, 6 x4J 


61 X 6 


8i X 6 


4^x2} 


8|x5J 


4i X 2 


44 


12 X 6 


6x5 


6J X 6 


8i X 6 


4| X 3 


9 X5 


4i x2 


46 


12i x6 


6 X 5i 


i 7 X6 


9x6 


4Jx3 


9 x5i 


5 x2 



Pitch of the roof about 27 degrees, covering slate, and timber as already mentioned. 

Table III. — Scantlings fob Roofs of fbom 46 to 60 Feet Span, fob Roof in Fig. 6606; 

Tbusses 10 Feet apabt. 



Span. 


Tie-beam. 


Queen-posts. 


Posts. 


Principal 
Kafters. 


Straining 
Beam. 


Braces. 


Purlins. 


Small 
Rofieni 


feet. 


inches. 


Inchefl. 


iucheii. 


inches. 


inches. 


inches. 


inches. 


indies. 


48 


lljx 6 


6x5} 


6x 2J 


7i X 6 


8i X 6 


4| X 2} 


8|x5 


4 x2 


50 


12 X 6 


6 X 6i 


6x 2J 


8J X 6 


8Jx 6 


4i X 2} 8} X 5 


4x2 


52 


12 X 6J 


6x6} 


6x2} 


9ix6 


8} X6 


4} X 2} 8} X 5} 


4x2 


54 


12 X 7 


7 X 6i 


7x2i 


6J x7 


9 x6 


5}x2} 


8}x5i 


4Jx2 


56 


12 X 8 


7x6} 


7x 2J 


7i X 7 


9ix 6 


5x2} 


8}x5i 


4^x2 


58 


12 X 8i 


7 X7i 


7x2} 


8J X 7 


9Jx7 


5x2} 


9 X5J 


4}x2 


60 


12 X 9 


7J x7 


7x3 


9x7 


10 X 7 


5 x3 


9x5^ 


4ix2 



Table IV. — Scantlings fob Roofs, fbom 70 to 80 Feet Span, Fig. 6009 ; Tbusses 10 Feet 

APABT. 



Span. 



Tie-beam. 



Queen-posts. 



Principal Rafters. ! Straining Beam. 



feet. 

70 

75 

80 

85 



inches. 
15 X llj 

15 X 14 

16 X 13 
16 X 14J 



Inches. 
9i X 8 

10 X 8J 
lOi X 9 

11 X 10 



inches. 
13 X 9J 
13^ X 10 

14 X m 

14J X 11 



inches. 
12 X 9J 

12 X 10 

13 X lOJ 
13 X 11 



Table V. — Scantlings fob Roofs, fbom 20 to 32 Feet Span, Fig. 6610; Tbusses 10 Feet 

APABT. 





Tie-beam. 


Curved Rib. 


• 

Suspending Pieces. 


Purlins. 




Span. 


No. of 


Scantlings of 


Common Rafteii^ 








Poire. 


each Piece. 






feet 


inches. 


Inches, 




inches. 


inches. 


inches. 


20 


8x4 


4x4 


3 


4x2 


8x5 


3^x2 


24 


8X4 


4} x4 


3 


4x2 


8x5 


4x2 


28 


8x5 


5J X 5 


8 


4x2} 


8^ X 5 


4Jx 2 


30 


8J X 5 


6x5 


3 4x 2i 


8J X 5 


4} x 2 


82 


9 X 5J 


6 X 5J 

1 
1 


3 4x 2J 

1 


8J x5 


6x2 



Domes or Cupolas, — A dome or cupola is a roof of 'which tlie base is a circle, an ellipse or a polygon, 
and its vertical section a carved line, concave towards the interior. Hence domes are called circular, 
elliptical, or polygonal, according to the figure of the base. 

The most usual form for a dome is the spherical, in which case its plan is a circle, and section 
a segment of a circle. The top of a large dome is often furnished with a lantern, which is supported 
by the framing of the domo. The exterior and interior forms of a dome are not often alike, and 
in the space between, a staircase to the lantern is generally made. According to the space lefl 
between the external and internal domes, the framing must be designed. Sometimes the framing 
may be trussed with tics across the opening, but often the interior dome rises so high that ties 
cannot be intrwluced. Accordingly the construction of domes may be divided into that of domes 
which admit of horizontal ties, and domes without such ties. A truss for a dome where a horizontal 
tie can be introduced is shown in Fig. 6619. A A is the tie ; B, B, posts, which may bo continued 
^ form the lantern ; G, C, are continued curbs in two thicknesses, with the joints croMed and bolted 



•TO 96 in Dumber, and eadi rib U in fotu thickneisw; tbo four together make S'5 in., ao tlut 
each rib ia 8'5 In. !>; 5'5 in. The iron hoop is I'S in. wide tad } in. in thickuen, and ia placed 
at one-third of tbe height of the dinne. 

One of the finest applicationa of the sjatem of De Lonne wm the cnpola met the Original Halls 
an Bl£ at Paria, completed in 17^ Fig. 6621. Altlumgh 129 ft. in diameter, ita thioknua did not 




moch exceed 1 ft., notwithstaading nbich it slood in perfect aafet; until destroyed b^ flie In 1802. 
The riba of which it waa oompoaed were formed of planfca in 9-R. lengths, 13 in. wide, and 3 in. 
thick, bolted and tied together. At ahout one-third of tbe height of the dome from the apringing 
ertrj third rib was dtacraitinned to admit of an openiog, which was glazed. The riba were aboat 
21 ft apart at the base, and those next the openlnga irere fottned vith fonr thickneases of planks, 
ail the others having only three. At tbe top of the dome tbe ribs were framed into a circular ring 
of timber, leaving an open space which was protected by a glazed canopy, with perforations for the 
ventilation of the bnil^og. 



■tmnger than am he obtained out of a single piece of timber, but the freming ma; alwajs be made 
snfflnently ationg by naing two ribs, with oraces between, and tied together bj radial pieces across 
from rib to rib. A trnaa m this form, in Fig. 6625, would sustain a very heavy lantern if Uie curve 
of cquilibriam were to pass in tbe middle l>elween the ribs, as the dotted line does in the figure. 




Tmsses somewhat similar to that in Fig. G625 were used for the roof and semi-domee of the 
Dublin Exhibition building in 1853. Each truss was formed oi two concentric vertically-laminated 
ribfl aboDt 5 ft. apart, with intermediate diagonal framing, in which both stmts and tiea were formed 
of timber. The upper or outer rib oonaisted of ten lamina 14 lo 2 in. in thickness, and 4 to 16 in. in 
depth. The breadth of the rib at top was 18 in^ and at bottom only 3 in., each being stepped 
back from tbe lower edge of the preceding. The inner rib was formed of six H and 2 in. lamina, 
and was 12 in. deep and 10 in. wide. The apt * ' ' ' ' " " .."--- .^- 

" 'icipal trusses were 25 ft. apart 



le span of the semi-domes of tbe greet ball was 100 ft., and 



between the ribe, as shown in Fig. 0626. 



a them without rafters, or sliort strntB ma; be placed 
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Inm Domes. — The iun«t remorkkbls examplefl of iron domes are to be funnd in \hota oovering the 
Bnjal Albert Hall at Kensiogion. and the Exhibition bnUding at Tlenaa. The plsn of the fwrnei 
dome ia oot circular, bat oval witn fbui oentres. Some idea of its k!m ma; iie gathered from the 
following facta. Its height from the arena to the spring of the roof ia abont 1S5 ft., and to the top 
of the Lintem, which Biinnonot* the roof, is about 150 ft. The Hpan of the roof is 219 ft. 4 in, 
by IS5 ft 4 in. ; and Ihe ppati of the OQter walla ia 272 fL by 238 ft. The engrBTinga of the loof, 
Fig& 6627 to 6610, dioir clettrl; the dcaign and conatniction of the ironwork. Fig. 6611 ia a 




longitadioal aeclion tbrongh the longer a: , .,_ 

6627 i« a section throngh tho ahotter axis, and Fig. 6(>40 ia ( 



Be flgnrea (ihow the general dlipaaitum of the priDoipsl and the pnrlliu. Ajonnd the mil, at tba 
}1 of tbe Hpiioging of the rouf, U a WTongbt-Iron irall-plate, abowu Is the dtawliiK, formed of a 

i 




gilder laid honiODtally, «ith a web-plate i^ in. tliick, and 3 ft, 8 in. iride, strengthened at each 
Bitd by ^in. flange S in. deep, sod connected to the web b; angle irons S in. by 3 !□. b; |^ in. 
Beneath each pruioipal ihoe la a plate 1 ft. 9 in. wide, 2 ft. long, and J in, thick, riveted tbrongh 
tbe web-plato to an Qpper ^late IJ in. tliick. Upon this plate is aeciued bj keys the caat-inra aboe 
in which the heel of the principal rests. It is 2 ft 9} in. deep and 1 ft, 1] in. broad, and ia formed 
with a central member, 1 ft. | in, wide, projecting fnan each side of the ahoo bo as to clip the upper 
plate riveted to the wall-girder, and to which it is secured b; wrougbl-iron keys at the back of the 
aboe, A l-in, bolt also passes through a slot in the projection oq each side of the shoe. Fig, 6628, 
and secnrea it to the wsH-plate. The face of the aboe receiiing tbe principal ia cnrred to a rading 
of 10 io,, ooireapODdiag to that of the licel of Ibe priQcipnl. Tbe npper member of the principaJ is 
atnick with a radios of 145 ft,, Ibe lower member haa a radios of 111 ft, on the amallest diameter c^ 
the roof, iocreasing to tbe mazimom spun. Tlie details of the principnlB are shown fullj in Figs. 
6627 to 0611. The opper members of tbe riba are 9 in. deep and 11 in. wide, formed of a top 
Qaoge -fif Id. thick, secured to a web of tbe same thickness by angle irons S in. by 3 in. by ^^ ia. ; the 
bottom member of the rib lias tbe same dimensions, bat the fiange-plate is omitted. The upper and 
lower chords of the principals are connected and atiffened with wrongbt-iron struts, as shown in 
Figs. 6627 »nd 6641. 

The atrota are formed of foar angle irons 2} in. by 2} in. by -J^ in., disposed in pairs on e«cli 
dde of the web-plalea of the top and bottom mcmbera of the principal, and kept separated by 



dittuK« [neaeB of CMt iiOD, of tlie ibrm wen in the engnTing. The bajs between the strata ue 
oecupied ^th diagoo&l bncing, the tie-rods being ll in. diameter, forked at the ends to I'ec^Te the 
veb^Iatei, and swelled at the upper aide to 1 ) in. diameter. 




Each trms-rod is formed of two pieces, these plece« being ooapled toother bj an adjastins nut, 
1 ft. in length, to regaUte the length of Uie rod. At the heel of the prmcipal, the tap and bottom 
member of the ribe meet, and are fonoed into one piece bj meons of a coTer plate stiffened with 
angle irons in the miinner shown in Fig. 6628. 

Towards the centre the principals oonTerge to a oentral oarb, which ia elliptical, and corrssponds 
with tbe curreaof the outer wall-pUte. ThU onib. Figs. 6640 tind 6641, is 17 R. 8} in. in depth, which 
eorraponda to the maximum depth of the rib. II Ih a double ring, tlia lop 2 ft. 6 in. deep, and tbe 
upper part is formed of two girderB ; the oater one, 9 in. deep, iH mads np of a wob-plate and angle 
inn: Uie inner one is 1 ft. 7 in, deep, the top member being on the same loTel as the outer rin^, 
while the web extends 10 io. lower, and forms a curb, against which Ihe upper chord of the main 
rib abuts .and is bolted. A plate ^ in. thick and 2 ft. 9 in. wide, oonnecls theee inner and onter 
girders, and, overlying the top of the principals, ties them together with each other and with the 
eorb. He construction of the bottom member of the curb dilfera ^m Ihe top. It coDsiats of a .^in. 
web-plale, which ia riTeted to the under side of the lower chord of the principals, and stiffened with 
a Saoge «n the inner side 8 in, deep and ^ in. thick, the web being also strenglbaned with two 
T ifoos 6 in. by S in. b; f in. The space of IT fL 61 in. between the lop and bottom pottions of tlie 
eorb is filled with Tertieal strnts of plate and angle irons, and diagonal strata 3 in. wide by t in. 
thick. On the outside and inside cnired faces of the curb diagonal bracing runs round the complete 
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springing to the crown of the roof, and the heaviest ones are shown in the figorea. They are 
5 ft. 11 in. deep, the top and bottom members being formed of angle iron 3 in. by 3 in. by ^ in., and 
are connected by intermediate standards of channel iron, the bays being braced with flat bars 3 in. 
by I- in. The first purlin, placed a little above the springing of the roof, differs from the others in 
being only 2 ft. 3 in. deep. At their intersection with the principals connections are made by 
means of gusset-plates on the top of the purlins ; at intervals varying from tlie springing towards 
the crown, run a converging series of light channel iron. A portion of the enclosure is roofed over, 
but a central elliptical space 100 ft. by 138 ft. is left to form a skylight 

The other example of iron domes is that which formed the roof of the central space in the 
Vienna Exhibition of 1873. The main dimensionH, which fur exceed all onlinary limits, are shown 
in the diagram. The roof of the rotunda. Fig. 6642, is made of iron plates. The lower edge is 
strengthened and supported by a heavy wrought-iron curb, or continuous circular box-girder. The 
aperture on the top is stiffened by another curb, and on this curb is erected a lantern, from which 
the whole space below is lighted. If the roof had been made of plate iron unstiffened, then.it would, 
for so great a span, have probably sagged between the upper and the lower curbs. To prevent this 
the whole structure is stiffened by heavy girders of plate iron running from curb to curb, while to 
prevent distortion in any other way ring-girders at right angles to the rafter-girders run round the 
roof. All these girders have been put outside the root instead of inside. 

Coverings for Timber Hoofs. — The coverings used for timber roofs are copper, lead, iron, tinned 
iron, slates of different kinds, tiles, shingles, and thatch of reeds or straw, and the relative degree 
of slope which each should have is determined by the mode of laying or forming the joints. 
Taking the angle for slates to be 20^°, the following Table will show the inclination that may be 
given for other materials, and the weight of each material on a superficial foot of the inclined 
surface; — 



Klud of Covering. 



Inclination to 
the Horison. 



Asphalted felt 

Tin 

CJopper 

Lead 

Zinc 

Slates, large 

„ ordinary 

Thin slabs of stone or flags 

Plain tiles 

Pantiles 

Thatch of straw, &o 



O I 

3 50 



7 36 

22" 

26 33 
29 41 



24 
45 








Hdi^tof 

Roof in parts 

of Space. 



Weight per Saper. Foot 



lP& 



1 
I 






IbA. 
•3 
•7 
•8 



5 
1 
9 
5" 
20 
15 
6- 





25 













6-0 



to 

n 
ff 
» 

» 
»> 
i» 
»> 



II 

9 
25 
18 

8 
10 



lbs. 
•4 
1-25 
1 25 
70 
20 















Whenever it is desired to make a roof for a dwelling-house which shall be cool in summer and 
warm in winter, and be durable as well, it should always be boarded over before the slates are pat 
on. In the roofs of ordinary dwelling-liouses this is not done, and hence it arises that the garrets, 
if the house happens to be provided with them, are frequently unendurable in summer and winter 
from the excessive warmth at one time and extreme cold at the other. 

Compound Roofs. — Roofs are occasionally constructed of timber and iron, and when the two 
materials are judiciously and scientifically combined, the compound structure is of an economical 
character. In modem roofs the use of wrought iron in combination with wood has Ix^n more 
extensive than formerly. Instead of being confined to straps and screw-bolts, iron is now used for 
king and queen bolts, ties and struts, and i^metimes for principal rafters and purlins. But for 
common rafters, which require to be battened or boarded over, and fur tie-beams, which have to 
carry a ceiling, wood has the advantage, from the facility with which other timbers can be fixed to 
it. When the roof is not reouired to support a ceiling, an iron tie-rod is preferable to a wooden 
beam. For purlins, principal rafters, ana struts, rolled iron can now be provided of almost any 
suitable sliape and size. 
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The simplest application of wrought iron in such cases is in Fig. 6643, the same as the ordinary 
queen-post truss, except that iron rods are 0ubetitnte<l for the queen posts. The heads of these 
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rods are fixed to the iron sockets, which take the ends of the straining beam and principal rafters. 
The lower ends pass through the cast-iron shoes, which receive the feet of tlie struts that support 
the principal rafters, and are continued through the tie-beam and secured by a nut, which enables 
the iwlts to be screwed up tight. 

Fig. 6644 shows a form of roof suitable for a shed, where as much clear space as possible in 
height is required. The strain on the rafters, where connected by the collar-beam, is relieved by 
iron tie-rods, which are suspended at a considerable height by the king-bolt, to which they are 
secured by a screwed end and nut. The lower ends of the ties are fixed to the cast-iron boxes, as 
shown in Fig. 6645, by which the rafters are attached to the longitudinal bearers over the columns 
which support the structure. 

A better arrangement, if it did not interfere with the space in the roof, would be to keep the 
tie-rods horizontal, or nearly so, and to continue the king-bolt down to it, as there will always be 
a tendency to thrust out the aiddb when the ties are so much inclined, as in Fig. 6646, the arrange- 
ment by which the rafters and ridge pieces are secured in a cast-iron socket. 

6644. 
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A better arrangement for an open roof, with iron ties and struts, is shown in Fig. 6647. The 
tie-rods are made to pass through the feet of the rafters, and are secured to a continuous plate of 
wood, which rests on the walls. The stmts in the drawing are supposed to be cast iron, but a 
piece of wrou^t X o' angle iron would be preferable, and could be as readily secured to the ties 
and rafters. Fig. 6648 is a very superior arrangement for a roof which has to carry a ceiling. In 
oonsequenoe of the suspension of tne tie-b€»m at so many points, the timber is not required to be 
of so large a scantling as in the ordinary queen-post truss. In long spans, owing to the length 
required for some of &e struts, wrought iron should be used in preference to wood. There is no 
leason why the principle on wnich guders are used in the construction of bridges should not be 
applied to roofs. 

A good example of a compound roof is represented in Figs. 6649 to 6652. It is erected over the 
lecture room at the London University, and possesses the somewhat peculiar feature of compound 
purlins of wood and iron combined. 

Oast iron has also been extensively used in combination with wrought iron and wood in the 
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oonstruciion of roo&, but its adoption is not to be recommended where there is a liability to sadden 
strains, particularly cross strains. 
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Iron Hoofs, — ^The use of cast and wrought iron for roofs has so many advantages that their 
employment, especially that of the latter, is very general. Economy, lightness, portability, and 
iiacility of erection render this material peculiarly well adapted for use in all countries and pai^ 
ticularly so in those in which ordinary building materials are scarce, and skilled labour of an 
expensive character. 

Arched Iron Hoofs, — Roof principals of the first class having a horizontal thrust must in their 
construction have such stability at the springing point as will offer to this thrust the necessary 
resistance. 

The abutments for arched principals can be obtained in various ways. Tlie most natural 
method might at first sight appear to be in making the walls on which the arch rests sufficiently 
strong. In almost all cases, however, this is too expensive, and whfu it is adopted, the wall is only 
thickened at the points where the principals rest, the port thus thickened forming a buttress or 
abutment. In most instances a tie is introduced to take the horizontal thrust, as may be seen in 
some of the examples. 



The equation for the horizontal strain at any point of an arch is H = 



ftcdx 



in which 



H = the horizontal strain, tr = the load between the centre of the arch and the given point If 
the crown be taken as the origin, x and y are the two co-ordinates. From this eouation may 
be deduced the one commonly used in determining the strain ut the centre of any arch, girder, or 

to X Ij 

suspension chain. Integrating we obtain H = -^ — . When x = oK = o. When x = — , as it is 

■■ 2 y 2 



for the central strain, the equation becomes H = 



H = 



WL 
8D 



toTJ 

8" 



but to L = W, and y = D, so that wo obtain 



, the same equation deduced in our article Materials of Construction, Strength of. The 



other strain to be determined is the resultant pressure at any point, and is compounded of two 
others, the horizontal strain and the weight. The resultant pressure acts at a tangent to the line 
of equilibrium, and may be thus obtained ; — Put S for the resultant strain, and $ for the angle the 
line of pressure makes with the vertical, and we have S = H cosecant $, 

It has already been stated that arched roofs may be classed under one of two heads, those having 
solid and those having open or braced webs. The first of these will now be considerod, for which 
purpose it is necessary tu have clear ideas of the general manner in which the arch is affected by 
strains. On the supposition of a uniformly distributed load, and that the form of the arch is a 
parabola, the horizontal thrust may be assumed to be constant from the crown to the springings. 
This thrust answers to the strain at the crown, and has been ascertained by the above formula. 
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each equal the strain at the centre, or equal to 25 tons. From the end of these Uses draw vertioala 
to meet the tangents, and the several strains at the points D, E, F, G, will be given by the Imee 
D J, EK, F M, AP. If they be measured on the diagram npon a scale of 20 tona to 1 inch, they 
will read 25*5, 27, 29*5, and 34*5 tons respectively, or rather more than what they wonld amonnt 
to by calcnlation by the ordinary formula. There is, however, an accurate method of calculating 
the strains at any point which will serve to check those obtained by the aid of a diagram. The 
strains vary as the secant of the angle which a tangent at any point makes with a horizontal line. 
When this angle Is known the strains can be determined. . 

In Fig. 6655, let the diagram be a reproduction of that in Fig. 6654, only on a smaller scale, in 
order to allow of the centre of the circle being shown. Suppose it is required to find the strain at 
the springing of the arch ; as before, let A P = S' = reauired strain, S = that already fo'md /^ 
the crown, and put e for the angle PAN. Since the angle PAO is a right angle, the angle PA N 
is tlie complement of the angle B A O. Making this latter equal to a', we have 6 = (90^- r). If 
the angle e' were known, the problem is solved. To find a*, we use the trigonometrical equation of 
the triangle ABO, in which the angle ABOis a right angle, and BO = AB x tan. a',or tan. 

r = — . But BO is equal to the radius of the aich minus its rise. Galling the radius of tlie 

circle B^ then BO = B* - B. When the span and rise of an arch are given, the radius is found 

T « I Bf 60' + 20* 

fiom the equation B» = "L , when L is the half span. In this case B> = ^ , gQ = '^'^ ^ 

From this BO = 52-5 ft. By logarithms we have, log. tan. a* = loe. 52-5 — log. 50 + 10. Solvinff 
we find 0' = 46=^ 24'. Consequently 6* = 43° 36'. Beferring to Fig. 6655 in the triangle A P N, 



AP = 



AK 



But A P = S' and A N = S', therefore S' = 



S 



By logarithms log. S' = log. 



cos. B' ' --,--- ^^^^ 

S - log. COS. e + 10. Putting in the values for S and a', we have log. S* = log. 25 — log. ooe, 
43° 36' + 10. Solving for 8» we finally obtain S> = 34*52 tons, which is the same value as that 
given by the diagram in Fig. 6654. If the values of the secants of the other angles nvade ly the 
tangents with the horizontal lines be found, the resulting strains at those points can be also deter- 
mined. As many points may be taken us considered deeirable, but unless the azoh is very large, 
four points will be sufficient for practical purposes. 
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Boofd of trussed ironwork in the arch form are especially well adapted for roofs of large span, 
not only on account of the reasons already mentioned, out because the strains upon the bracing are 
comparatively small, and therefore the full value of the trussed arch is not obtsdned in examples of 
limited span. The example of a trussed arch roof. Fig. 6656, has a span of 50 ft, a depth of truss 
of 7 ft , and is supposed to be loaded with 2 tons on the whole roof^ or 1 ton on tiie half principal 
shown in the figure. The thick lines represent the parts in compression, and the thin ones those 
in tension, from which it is nt once evident that the whole of the upper flange or bow is in com- 

Sression, and the lower or tie in tension. Also BE, GF are struts, and £, D F ties. When the 
esign of a trussed roof is of a very complicated nature, it is not eosy to determine, as in the pre- 
sent case, by mere inspection those parts which are in compression and those which are in tension. 
It is not until some progress has been made in the analysis of the strains that the manner in which 
they afiect the various members of the truss becomes apparent Having ascertained those bars 
which are struts and those which are ties, the next point is to examine into the distribution of the 
load Referring to Fig. 6656, we have a total load of 1 ton upon the half principal, and it is 
divided as follows ;— There will be one-third situated at each of the points B and G, and one-eixth 
at A and D. Thus we shall have at B and G a weight of 0*33 ton, and at A and D a weight of 
' 165 ton. It will, however, be apparent, by a glance at the diagram, that the weight of 6 - 165 ton 
at A is supported directly by the vertical reaction of the abutment, and consequently produces no 
strain whatever on any part of the truss. Its action may be tibereforo ignored, and the total weight 
on Uie principal producing strain on its various paris will be equal to 0*825 ton instead of 1 ton. 
This theoretical assumption will not hold, unless the distance A B or unsupported length of the 
mfter, between the abutment and the strut B E, be of sufficiently limited dimensions so as not to 
allow of any bending taking place. This is always practically effected by subdividing the roof^ by 
the introduction of the sloping struts, into lengths which are too small to permit any appre- 
ciable deflection. 

The relative positions of the subdivisions of the load being adjusted, the next operation is to 
ascertain the strains upon the various bars, and in the analysis, as in idl other caloulations, we 
must always proceed from the known to the unknown. At the point of support A, the Teitieal 
reaction producing strain upon the roof is the sum of the weight at B, G, and D, since they most all 
be ultimately transferred to that point. This reaction is therefore equal to 0*825 ton. We have 
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therefbre three foroos at the point A, making eqnilibrinm at the point A, namely, the vertical 
reactioQ of 0*825 ton, the strain ^long A B, and the strain in A B. It most be kept in mind thut 
although in practice the arch is a segment of a circle, it is supposed in the diagram to consist of the 
polygooally-shaped figure A B G D, the length A B, B 0, and G D being straight lines. Each of 
theae is, in foot, regarded as a separate bar, or part of the upper flange. On a scale of 1 ton to 
the ineh, make A U equal to 0*825 ton ; join A B, and produce the line to any convenient length. 
Fkan the point H. dniw H K parallel to A E, meeting A B produced in K. Measuring by the 
aame scale, A K will give the strain upon A B, and H K that upon A E, re8p«ctivcly equal to 1 * 90 
and 1*57 ton. It slicmld be observed nere, that were A B in the same straight line with B 0, as 
ooean in the ordinary inclined mfter, then the strain upon A B would bo the same as that upon 
B 0, plus the additional strain due to the weight at B. But as in the diagram the direction of the 
diffarent bars of the arch is continually changing, the question is considerably more complicated. 
To Und the strain upon B 0, we must find the resultant of the strain upon A B and the weight at 
B. Upon A B produced, lay off B a = A K equal to 1 '90, the strain already found for A B ; draw 
ab Tartically equal to the weight at B equal to 0*33 ton ; poin B 6, which is the resultant required. 
¥Voiii the point B, draw bd parallel to BE, and Bd will give the strain upon BG, and bd that 
upon the s&ut B E. There now remains only the central bar G D of the upper flange upon which 
to aaoertain the strain. This, allowing for the change of direction, will evidently be less than tliat 
upon B G, by the action of the weight at G, plus the pull on the queen-rod G E. Before the strain 
upon G D can be determined, that upon G £ must first be obtained. This obviously proceeds from 
toe poll at the point E, for since G £ is a tie it cannot be affected by the weight at the apex G, 
which 18 sapported directly by the arch and the strut G F. At the point E, there are two forces 
aeting, a eompression along B E, and a tension along A E, and the resultant of these will pull upon 
both O E and £ F. The amount of these pulls or tensile strains may be thus ascertained. Produce 
A E to any convenient length, make E h equal to H K, equal to the strain upon A E ; from h draw 
h m paraUel to B E. The resultant of the strains in A E and B E will be represented by E m. From 
m draw m n parallel to E F, and m n will be the strain upon E F, and E n the pull upon the queen- 
lod G E. The eompression upon G D can now be calculated. Produce B G, and upon it lay off 
Cp = Bd; from p draw pg, equal to the weight 0*33, at G plus the pull Em ; from q draw qr 
puallel to G F, and the strain upon G D is measured by G r, and that upon G F hy qr. The 

Joeation of what becomes of the weight D at the central apex will probably be now demanded. As 
^ F is a tie, the whole of the weight D is conveyed in equal subdivisions to each of the two abut- 
ments, and it has already been accounted for, since it was included in the value of A H, which was 
made equal to the verti<^ reaction at A. There is yet one more strain to be determined, and that 
is the pull on the king-rod D F. The rod D F can only be affected by the strain upon the strut C F, 
ainee it is at right angles to the tie E F. But the corresponding strut upon the other half of the 
girder will bring a similar strain upon D F ; so that by producing G F, making F S equal to 
twice q r, and drawing 8 1 parallel to E F, the total strain upon D F will equal F t. The strain 
upon D F is in fact the vertical resultant of the strains in G F, and the corresponding strut upon 
the other half of the xoot. 

The atnins having been determined, they should be tabulated as in Table I., and preserved for 
fnture reference. Before, however, considering the analysis as thoroughly trustworthy, a few of the 
ftraina should be checked by some independent method, as errors will frequently occur in estimating 
them by means of a diagram, which are only perceived by employing another process of anolyis. 
The strain upon E F may be checked by drawing from H the lino H B parallel to E F. The line 
H B will equal n m, the strain already found. 

Table I. 



Bars. 



AB 


BG 


GD 


AE 


EF 


BE 


GF 


GE 


DF 



I 

Strains. 




-hl-90 


1 

1 


+ 1*90 


Arch. 1 


-1-1*65 




1 1 


-1*68 
-1*33 


J 


Tie-rod. 


-h0*25 
-♦-0*22 


1 
J 


Struts. 


-0*25 
-0*22 


J 


[ Ties. 



There ia this general principle to be borne in mind in determining all strains upon trussed con- 
stmctionB by diagram. Whatever may be the amount arrived at by summation, if the same value 
for tiie strain is also obtained by an independent operation, it is scarcely within the limits of possi- 
bility that it should be otherwise than correct. As an exomple of our meaning, take the strain 
foond on the end of the bow A B. It is determined at once by the plotting upon tho vertical line 
A H the reaction of the total load upon the half roof. But if each weight were treated seriatim, 
the sum of the separate strains would be found to eoual that obtained in the diagram. It will be of 
neat advantage to those who are unacquainted with the method of analyzing strains by graphical 
diagrams to work this out for themselves on a large scale, and tabulate the several strains arising 
from each weight. The strain on the central bar of tlie arch G D may be checked by calculation. 
Lei 8 equal the strain, L the half span, G the distance of the centre of gravity of the half load from 
the centre of the girder, D the depth of the truss, and W the total load upon the whole roof. 

Then we have S =s — J: ^ . Substituting in this equation the values for the letters, we get 
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— , sod aolving the eqnatioi 



I '72 ton, whkli' differ* ontybjO'OT from tlul 



„ 2 (29 -1295) 

^=—2^7 

arriTed at in the ditigraia, a qiumtity that ma/ be renrded as inapprecuble. In aonclnaioii, it 
■honld be mentinned tbet wbereier a trussed principal ia smplajad, in which ft sloping trnftei la 
Qsed ingtead of an arch, tbe method given in the preaent cue ia not applicable. It ia not diSoolt, 
however, to apply another method which gives equally true resultg. 

In the construotioa of wronght-irou arched roof iwincipala, the mlei by which itooe aichea 
are designed need not he adhered to. A atoae arch moat be of Bafflcienl tbickneu to encloM 
within itself all posaible lines of pretmce resulting from varinna lo«d«, beoose it is aasamed 
that the voossoini of an arch cannot well resist a trunsvcree strain. In on Iron arch, however, a 
' ' n specially suited to resist transverse Htrains is employed, that the oallioe of tbe arcb may 
' ' " " ' "■'">" *Te duly oonaideied in determinhig 



The Bi 
iinfl!l spans . .— „.. . , 
lattice or trellis aysteni is i>referah]e, 
appearance. It ia seldom, except in large 
though in alt cases the trough or 
box section, is peculiarly suitable 
for resisting the strains to which 
A roof is subjected. 

If the trellis system with verti- 
cal stmts is adopted, the diagoniils 
need only be lies, as in trellis 
ginlera; but if a lattice or other 
triangulated syatem be used, all 
the diagonals should be struts, to 
meet the various lines of pressure 
to which the arch is exposed. An 
arched roof generally (nets mure 
tlian a trussed root if the expense 
of abutments is included. But if, 
by the position or ammgement of 
the building, abutments already 
exist, or If ror other reasons they 
b»ve to bo ]m)vided, then an arched 
roof may be preferable to one of a 
trussed form. 

We have selected three ex- 
ampli'S of iirched roofB, the dzil 
of which is that utet the central 
transept of the Crystal Pnlace, ut 
Sydiuham, England, Hud is re- 
marhuble as being almost the only 
example whicli exists of this form 
of rouf. The other two emmplcs 
comprise one of tlie solid web or 
plate type, and the other of tbe 
trussed or open woh lypc This 
last is the largest trussed roof 
erecti'd, with the exception of that 
already described and erected for 
the Vienna Exhibition. Tlie Crys- 
tal Palace roof is aliown in gencrnl 
elevation in Fig. 6C57. An eleva- 
tion of a. portion of the maio rib is 
in Fig. GGSS, and the details in 
FiKB, G659 to 6673. This roof, 
which has a span of 120 n., is very 
peculiar in itn construction. It ia 
uii arch of such a depth, that it 
acts partly as a girder, throwing 
upon its supporting stmcloro a 
coinpnmtitcly small horizontal 
thrust. The outer and inner out- 
line of the arch ia a perfect semi- 
circle, struck from the same centre : 
and the rib iiag tiiert-fore an equal 
depth of 8 ft. throughout, the inner 
radius being 52 ft., the outer one 
60ft. The'ribcunsistsofa bottom 
and top Sange, each consisting of 
two J_ irons 6 in. x Jll in., and a J. 



than 12 in. deep, a 

luSording the necessary strength with a more eleeant 
' " ' " langes have any hut a single X wtiou; 
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rib U divided into elsren eaoal pwU, between its ipringlitg and lb cectre. Eneh 
tains two di&Knnala, one aWe the otiier. and ■trnla radlatinjr to the oentce. ona 



Gncb sidi) or the rib U divided into elsren eaoal parts, w»_o>>.. .» ^^.^^^^ _uu ■» «iuud. ^.uuu 
nf these parts cnnlains two diajcnnsls, one aboTe the otiier, and gtmls radiating to the oentre, ona 
oTthe atrala being a ea«t-Iipik diatanoe stmt curbing porliiu and oonnecting them to main rib, uid 




Ibeolherawrooght-ironrtratttiadeof twochannelirmisiin. X IJ in. X i in., baring two diitanoe 
piMci riveted between them. The jointe In 6 in. x 3 in. L iK"" »™ ""^ altematalj at interraTB 
</ibnit 11 ft., proper dirtance piecea filling ont the Sf-in. spMe between L i«»^ 't* ^"'• n*™ •" 
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only with smj^le she&ring area. At iDtervals of about 1 ft. 9 in., distance pieoes are put between 
L irona, and fixed also by }-in. rivets, the same as in wronght-iron stmts. The diagcmal bars are 
throoghout 4 in. wide, f in. thick, with an avaiUtble sectional area of 1*2 sq. in. running always 
through two diagonals, and are not straight. But they are, for tlie sake of architectural appearance^ ao 
arranged that they cross exactly in the middle of the rib, and in pne-fourth of its depth from its outer 
and inner outline. They are connected at intersections by a }-in. rivet. A round omamentaJ knob, 
made in two halves, being connected together by three |-in. tap-screws, covers this joint. The ends 
of diagonals and wrought>iron struts are connected with the L i»>n8 b^ a l^-ii^- ^^^ ^ i^ ^S- ^^9, 

The cast-iron distance struts are shaped according to the wrooght-iron structure which they have 
to strengthen, and according to the cust-iron end pieces of purlins which are bolted to them by either 
six or four |-in. bolts, as they belong to the 6-ft. or 3-ft. deep purlins respectively. 

The strut has accordingly a cross-section of 7 sq. in. sectional area ; its |-in. web is widened out 
to a pocket for letting the diagonals through, intersecting at this point The web at top and bottom 
of strut is brought out to two lugs, which fit with a washer between the two angle irons, and are 
each bolted to same by one l^in. bolt. Proper bosses are cast on to the web for eight 4-in. bolts 
connecting purlins to same. Underneath tnese struts, ornamental pendants of A-iu. metal are 
screwed on to soffit of rib by four ^-In. bolts. There are two kinds of purlins, A and B in Fig. 6G60, 
one kind being 24 ft. long, 6 ft. deep, and the other 72 ft. long and 3 ft. deep. The first serve for 
bracing two ribs of one pair together, and the others act as pure purlins between each pair of ribsy 
that is, they have only to support the intermediate rafters. 

The 6-ft. deep purlins consist of a top and bottom flange of two L in>us, 8 in. x 2 in. x } in., of 
2 sq. in. available sectional area ; and are connected by wrought-iron struts and double lattice-work. 
Besides carrying intermediate rafters, they serve as bracing of main ribs for giving them lateral 
stiffness. The struts are 8 ft apart, and consist of two T irons, 2 in. x 2 in. x h in., with 1| in. 
available sectional area, having between them in all cases two diagonals, one above the other, simUar 
to the lattice-work in main rib. The diagonals are flat bars, 3 in. wide, -j^ in. thick. They are 
straight, and run always through two divisions of 8 ft. At their ends, proper cast-iron distance 
struts are fastened to L irons by one Ijr^- bolt, and the web is again properly widened out to a pocket 
for receiving the ends of two diagonal bars, which are riveted to the casting by one f-in. rivet. The 
3-ft. deep purlins serve only for carrying the intermediate ribs. They consist of a top flange of two 
L irons, 4 in. X 2 in. x i in., 2*44 available sectional area in centre, and a bottom flange of two flat 
bars being at the end 4} in. x f in., in centre 4 J in. x } in., witli 4*68sq. in. available sectional area. 
These flanges are connected by vertical struts 8 ft. apart, and diagonal tie-bars decreasing in the 
three diagonals next to end, from ^^in. in thickness to } in. to ^ in. to } in. They are respectively 
fixed to top and bottom flanges by a 1^4n., l^in., 1-in., and {-in. bolt. All the bars are 4 in. wide, 
the struts are of cast iron of a X cross-section, 2 in. x 2 in. x fiu., and diagonals of wood are put 
across the diagonal tie-bars, 4 in. wide, ^ in. thick, and fastened by |-in. bolts. 

Both purlins carry above each strut an intermediate rafter, Figs. 6662, 6663, having the same out- 
line as the main rib. It is made of a j-in. web-plate 1 ft. high, in length about 8 ft. 5 in., with a top 
and bottom flange consisting of two L irons 2 in. x 2 in. x | in., in length about 16 ft. 10 in., with 
1^ sq. in. available sectional area. A special arrangement is made for bracing purlins sideways to 
these intermediate ribs. The purlins at the bottom end of their vertical struts are suspended by 
two rods to points of the intermediate ribs, being just in the middle of two bearings or purlins. For 
that purpose, a cast-iron shoe is fixed to the bottom [_ irons of rafter at those points by four }-in. 
bolts of a proper shape, to receive the ends of the hanging rods, |-in. in diameter. The other ends 
are widened out to an eye, wliich is connected to the bottom flanges of the 6-fk. or 3-ft. purlins by the 
bolts, flxing end of vertical strut to the same. The details of this connection are for both purlina 
the same, except the altered angle of the hanging rods. Next to each of the cast-iron end struts of 
purlins a kind of pocket is riveted by eight f-in. rivets, consisting of two |-in. plates, with two l^in. 
thick distance pieces between them, for receiving the ends of wind-ties. These are flattened out to 
eyes, and fixed by a 1^-in. bolt. The wind-ties are, throughout, round rods of If in. diameter, and 
form the diagonal bracing between main ribs, as shown in Figs. 6664, 6665. At the point where 
they cross each other they are connected by a ring, to which, each end of the four is screwed in the 
usual way. The ring is in this case of cast iron, and has a sectional area of 9|> sq. in., strengthened 
by proper bosses round the bolt-holes, and, besides, by two wrought-iron rings of 1 in. aectioual 
area, put on while red hot. This connection serves for bringing a strain on &e diagonal braciiig 
rods. The covering of this roof is entirely of glass, on the ridge-and-furrow principle. 

The main and intermediate ribs carry wrought-iron gutters, 9 in. wide at the top, 7 in. at bottoni, 
4 in. deep, shown in Fig. 6666« They are riveted to top L irons of ribs with J-in. Dolts, about 9 in. 
apart alternately, and to intermediate main ribs with f-in. bolts in the same wav. To the edge oi 
this gutter an {_ iron 1} in. x 1^ in. x -^ in. is riveted, and to this a piece of wood 1 J in. x 2| 
is fixed by |-in. screws, about 6 in. apart. Into this piece of wood the ends of the sash-bars are let 
in, about 1 ft. apart, the top being fixed to the ridge. This miniature roof runs rig^t along the 
whole rib, from the main gutter to the lower standards of the ventilator, and is hipped at its ends. 
The main ribs, as well as intermediate ones, carry at their crown, over the cast-iron distance strut 
next to centre, a lower standard of cast iron 5 ft. 10} ur. high of H cross-section. The sides are filled 
in with wood, to which the lower plates are fixed. The ventilator is covered, as the other parte of 
roof, by a number of similar small hipped roofs. Fig. 6667, formed by mere slanting sash-bara;, 
having in this case only wooden gutters, each supported by the standard in centre of each rib. The 
enter standards of the ventilator are held up by a diagonal bracing running from one to the other, 
and consisting of |-in. round rods, which pass through a slotted hole, spaced out in the middle one. 
A wrought-iron gutter runs along the base of the outer standards, supported by wood boarding, for 
conducting the water, which drops down from the ventilator covering to the gutters on top ribs. 
The main rib weighs 10 tons. The purlins, which are 6 ft. deep, weigh each 12 cwt, those 3 n. de^ 
weigh each 1 ton 4 cwt. The total ironwork in one bav of 86 ft weighs 61 tons 3 cwt Each of the 
main ribs is supported by two columns 8 ft. apart, so that each of Uie flanges starts over one of the 



ii of B cact-lron aqnara faune 8 ft. 8 in- vide ftod S ft. hl^ti, 
top of each oolumn bj four 1-In, bolts, and f '"~ *•" '""- '-■" 
bolls to top of gilder ttmiieating top of oolnnuu. It oonslBta of two plec«i of the ar 
eolimuia, toaneuted ^ b f-iii. web with » large dieiUar hole takMi oat in the middlo, and Binalter 
ODM In tiie ttman. Froper flangea wre oaat on the top oomen of it, to which each of tha flaogeB ii 
bolted 1^ dx l^in. bOlti, bjr meaoa of b atroag bra^et The cioaa-aeetioiii of tbiB frame, tbiongh 
the WMkeat pui of the ooIdduib, baa 251 in. Motional aiea, the octogoa onlnmna being 8 in. in 
diameter and 1 In. lliiok, the web and lu OaDgeB } in. thick. The parte of fVamo acting aa bracing 
Id the aoglea have 9 in. aecCional area. Appropriate pooketa for reoeiTiuK the endB.of thediagonaU 
■re oonatmcted in the npper end of web, tho oatline of wbioh is abaped like that of the ouat-iron 
diataiiDe Btmta. The two diagonali in the middlo nre fixed to it bv one li-in. bolt, and the 
diagimala at the springing of fluiges by one I-In. bolt each. On top of uu> outer colnmn of frame, 
IngiBre provided for niingbtaelratiof 6)10. inner width nndei the water ontlets of main gutter by 
ImiT 2-in. bolla, with I a 2 in. x 5 in. water-way. The main pitter, shown in Figs. CCTO to 6673, 
mming ftlong the whole roof is, on the avemge, 1 ft. 9 in. wide and 11 in. high. It is cast in 
length* of 7 ft. Ill In., -^ in. thick, the joints being mode by elereo l-in. bolts. The intermeiUato 
rib« He a^iported by eut-inm standards S ft high, resting on one of the oast-iion girders 3 ft. deep 
•ad 23 ft. S in, long, which aerre in tho whole building as bracing and floor, end also carrv girdera 
between ouoinns 24 ft, apart. Soch giideis also braoe the columns lengthways under the flangea of 
main rib. The before-mentionad atandarda have the section of hnlf a oolumn of 9 in. diameter, are 
of t-lD. metal, and widened out at the top to a bracket, on whirh the base of intt;nnediate rib is 
boiled by six |-in. bolts. The lowest of the purlins connected to the top of the frame for supporting 
mftb) rib is also connected by four ^in. bolts to this bracket, and proper logs are oast on the top of 
stnndkrd for fixing a bmckc^ by four J-in. bolts sappoiting main gutter at c«ch 8 ft. The horizontal 
thmst of tlie main riba ia transmitted by the oast-imn frame to ttie system of columns, which are 
eonneofed by cast-iron girder* m deeoribed before, and well bmoed by diagonals fixed to ends of 
Kildeia by means of keys. 

At the interseotkn of Tertlcal dlagmals, a similar adjusting connection with a ring and screws, 
aa that for wind-ties, ia applied, the whole being bidden by an ornamental joint oover. Tho enUi« 
■anxsting stmctuie np to the (hune is very rigid. It Is brides lie«vily loaded by bearing girders 
below floor level, and on one side by a fireproof flooring of brick arcliea, and on the other side by 
cmst-iroD girdon fbsteaed to brick fonndations, and oan take easily the throst arisiiiB; mare ttota 
wind preasnre than ftota the weight of the roof, which is taken partly by the rib itseli; which Is of 
• rerj gnat depth. The mis-water i« canied off in the nsual way by the hollow oolomns. 




and 86(Lflin.widi^andstiown in elevation and aootlon in Figs. G074, 6 
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Wa of 21 ft. esrh. TLe roof fi hipped at both enda, and thereforo there we only flre otAlmtf 
principals of 81 ft. 5 in. ciMr ipsa. The principBlB ooiuiBt of w rough t-iron arohad ribo, Uie innar 
and oirter aurTes being truo cirolee etrnok from the Bamo oentra, with radii of 43 ft. 9 in. and 
11 ft. 5 in. respeotiToly, the apringing of rib baiag 7 ft. G in. above oeiitte. The height of rib at 
crown is G2 ft. 10 in. above the floor level. The wrought-iron rib is of the game deptti tbionghont, 
and t»Dsisl8 of -^in. web, and top and bottom flBng(>8 each of two [_ iron* !4 X S^ x i^. An 
eteTBtion of a portion to an enlarged aoala is Bbonii ia Figs. G676 to 6681. 

MIT. 






At every altemats aapporting plaoe of the pniliiu the web is «mo. 

Joined by nieauB of a joint plate 1 fl. 9 in. x 10} in., } in. thick, which jirtuKeJiai.iri.A4 
plate la aliio riveted on to the web at the other purlins as a strength- 
ening plate. Angle iron* extend always over two lengths of web. 
The web ia ornamented in an original way, A neat design of holes 
IB pnnohed out of the solid plate, leaving the material intact where 
it acts in a umilur manner to diagonala. Fig. 6676. These holes, of , 
which the larger are about 6 in. in dinmeter, were punched oat bj a 
aimple screw press, with loug levers and heavy weights attached to 
them. When brought onoe into the swing, the mere mumontnm 
suffices to drive the punch through the pUte. which ia -^ in. thick. 
The hose of rib is horizontal, 2 ft. long, while the top flange ia 
2 ft. 5 in. above, carried verticallf down. It is flxeil by Eight 1-in. 
side of the web, to the supporting cast-iron column, tlie angle iitms 
flange being carried round horiKontall; for that purpose. Bi voting is done throughout 
nitli f-in. ttveta, about 1 in. pitch. A board Sj in. wide by 1 in. is fixed to soffit 
of rib for mere appeoranoe. The rib oarriee wrought-iron laltioe purlins, st intervals 
of 6 ft S in. On each side of such purlin a oaaMron strut is liied to the rib and 
purlin b^ six J-in. bolts. By Ihis connection, the projecting of the purlins beyond 
the ribs u prevented. 

The purlins, which are 23 ft. 10 in. long and 1 ft. 6 in. deep, Pig. 6677, ore 
radial, and are connected to the main ribs by means of the cost-irou tnd struts of 

t'in. metal by two j-in. bolts. They consist of a simple truss, the top and bottom 
ange of which are each formed by two |_ icons 3 x 3| in. The tap flange is also 
connected by )-in. bolts to top flange of main rib. Ca^iron struts, 3 ft. pitch, and 
flat bar diagonal bracing 2^ in. wide, increasing from | in. to } in,, and i in. in thick- 
nese, connect the flanges of the truss by ^in. bolts, serving as pins tor diagonals. 
Wooden diagonals are also used for giving the appearance of a complete diagonal 
truss. The purlins support at each strut a wooil lafttr 6 in. in depth. Each altemnle 
atrnt is so enlarged as to form brackets coiinerted to the nood rafters by j-in. bolts, 
which are employed to keep the purlins in their radiating position. The other struts 
lire brought out at the top to more lugs fixed to raitera by i-in. coach screws. 

On the top of the mam ribs a piece of wood SJ in. x 3 in. is fixed for nailing (he 
1-in. boarding thereto. The I-in. boarding is covered by Italian zinc near the crown, 
and at the lower part by slatea A portion of tiie roof is ginzed. Tho ends of tlio 
roof, it being hipped, are formed by ribs which ore generally constructed like the 
ordinary ones, but stronger in cro«s-HBction. One ordinary rib weighs 5} tons. The 
wci£ht of purlins, and standards for one bay, is 9J tons. 

The ironwork for one bay of roof weighs 14> tons. 

Each rib is supported by a cast-iron oolumn, seu Fi<;. 66S2, 23 ft. high from floor, 
level to bottom of gutter, of an octagon section, and 1^ in. thickness of metal. The 
base is also octagonal, 2 ft. 10 in. high, and at thi^ bottom of 2 ft. iuscribiid diameter. 
At a height of 19 ft. 7 in. from floor level it widens out into an octagon capital of 
2 ft 9 in. ineoribcd diameter at the top. The base is plain. The lop is a little ornamented bj ^|C 
raised leaves. Above that, the ooltunn widens out into a kind of flat box, 4 tt. 2 in. high, with t^^ 
braoket in front, supporting the boriiontal plate to which the L irons of ba»e of columns are bolted^^^ 
Tlie horizontal plate extends over the middle of the continued column, leaving on each aide ofl^' 
bracket openings for receiving outlets of gutters. The oolumn changes above this horizontal ptat^^^ 

into a verti(.-al piece of U section, 1 ft. x 10^ in. x 7{ in. x 1} in., 4 It. x 4 in. high. The TsrtLcal ' 

part of the base of rib is oolted. as already mentioned, to the inner flange, 10} in, wide. The braoket^ 
in front appears as an ornamental bracket, of the same thickness as the flat box fonning part olf 
columik, which is in elevation shaped like the two brackets supporting the outlets of glitter on 

>utlelBai ' '■ " * " -. ~ - ■ - 



each side of oolumn, supporting oi 



d the upper flange of the H iron, a fhime 11 ft. 6 in. long- 
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ia flxsd bj ris I-tn. IxilU. It oondtto of an arch of 9 ft. 1 In. nuliiis of bottom onlline, and ou the 
top ■ aqiikre frame 2 ft 6 In. deep. All the main flangee ate 8 in. wide | in. thick, only the npper 
flaoKO of ttmme 1 ft vide x | in., the web being 1 in. thick. 

Tba other end of the fnme is mitablj proviiled with a vertical flaiiKe ani] a In^ nt the bottom, 
for resting on the wait, being beeidea bolted to it by four 1-in. bolts. The horizontal tbruat is in 
this loof taken by a Tery pecoliar arran^menl. On the top of the frame* juat dcacril>ed. on ench 
end Etrong boxes are cast on. each of which oonlalne a pin dropped into it from nboTe. These pins 
eonneot uie ends of dii^oiuil bracing rods, with eyes on one end an^l key adinetment at the otiier. 
Along the enter boiee a wrooglit-irun flange miis throughout tlis length of the bnitiling. This 
flange^ ooosiBting of toar plates 1 ft. x 1} in., and two L i^uns 3 ft. x 3 ft. x i iu. in centre, is 
MNineeted by Uie pins to the diagimals. On the other band, the gutter acts aa the other flange of 
tlii* horiaontal girdN, and is made snCBctently strong, being 1| in. thick. The single lengths of 
gotlm are eonneoted together by means of eight 2-in. bolts, being equal in Mctioual area to the 
strength of the gutter, of coorse piercing the web of the X-shapod part of column. 

As the gutter is awnetiBU* eipoKd to tensile strains, it requires tbererure the aboTe.men tinned 
BRB. There are eight diagonaLi, one for each bny. and the dimensions of the rhIb inorense from the 
centre towards the ends. This roof offers in ita longitodinal direction so great a nwiatante to the 
force of the wind that wind-ties are unneoeeEarj. The gutter, which is 1 ft. x 5} in. deep, 1 ft. 
wide, and 23) IL x i In. long, and If In. thick, has at distancee of 3 fl. small eboes cast on, 
which reoetve the ends or the intennediato rafters, 6 in. x 3 in. The laflers are ploct-d aaroas the 
12-ft. corridor at a proper slope, laid with 1-in. boarding and covered with slates. The other ends 
of these tafters rest on shoes on the wall surrounding ue hall. The gutter ia covered b; a snow 
grating, which is 1ft. x 8 in. wide, and cost in lengths of 6 ft. It rests on small snpporta fixed hj 
two I'in. bolt« to crcas-pieoea cast on the gutter at every aeoond pair of shoes, and serving as distanoe 
pieoe« in the casting while it cools and prevents it from warping. These distance pieoea must 
always be made with a top flange, otherwise the other parts of castings prove stronger in alirinking, 
and teur it in the middle. The rain-water is carried sideways by the hracket-Bbaped outlcta of 
gutters into the column, and carried off to the drain pipes. Tiie cast and wrought iron work of one 
bay of roof weighs 14( tons. The cast and wrought iron work of uno bay of supporting stmoture 
wraghs 17| tons. 




Hoof of (A* St. Pancrai Slation, Milkaid Hailioay, Lmdon.— The area covered by this roof, which is 
Wft. inipan, ii(»Ofl.by!MOft. It is shown in Figs. 01)83, 6684. The main nba are 29 ft 4 in. 
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from oontre to centre, and haTO three intermediate ribd between them at equal ditftaoces apart, 
carried at every 18 ft. 6 in. by tnused porlina between the main ribe. The form of the rioa ia 
entirely noYel. They spring directly from the groond, and are firmly connected to massiTe brick 
piers below the floor level. The curve of the ribs is of two radii of 160 ft. and 57 ft, meeting at an 
angle in the centre 100 ft. above the level of rails. The ribs are 6 ft deep, and formed with open 
box flanges 10^ in. deep ; the flanges being braced together by diagcmal channel irons and ra£al 
stmts forming the ends of the purlins. The lower parts of the ribs, to a height of about 25 ft from 
platform level, are constructed of plates and angle irons riveted together. The intecmediate riba 
are 10} in. deep,- and consist of angle irons braced with diagon^ ban. The purlins are braced 
beams 18 ft 6 m. apart. They aro so constructed that they stiffen the main nbs laterally. The 
bracing is so arranged as to carry the proper proportion of each of the three intermediate ribs, 
T>e8ides assisting to keep the bottom flanges of the main ribs in place. The whole of the roof is 
braced horizontally to reaist any strains that may be caused by the pressure of the wind either on 
the gable or on the side. 

This roof virtually springs from the ground, the side walls being merely scroens to hide the 
springings. The mam ribs are tied underneath the platform by a system of wronghi-iron giiden 
for the purpose of counteracting the outward thrust which is common to arohed roofs. This prin- 
ciple of providing for the horizontal thrust of large roofs of this description, has been snocesafully 
applied in other instances. When iron girdera are thus employed, they not only serve the purpooe 
of supporting a platform alone, but they can be made to cover a certain number of spans or inter- 
vals below, and the space thus obtained is utilized as vaults and cellars. 

Tnuted £oofs, — ^Ail the principals belonging to the second class are essentially ffiiders or tnuses. 
and consist of a lop member which is in compression, a bottom member which is in tenaioii~imia 
various struts and ties arranged within the space between Uie two, to support the top member and 
the load at intermediate points, and to transmit the strains produced at tliese points to the end sup- 
p>rts. Instead of attempting to divide into classes, according to their characteristic features, the 
innumerable forms adopted for trussed principals— a task hardly possible when it is considered how 
one system is mixed with another — a few forms have been selectea which, directly or indirectly, will 
include most of the varieties which exist The different kinds aro shown in Figs. 6685 to 6693, and in 



6685. 



6686. 



668T. 



66m. 





6689. 



6660L 





6691. 




6e9X 



6693. 





each case the thick lines represent compressive members, and the thin lines members exposed to 
tension. Fig. 6685 is of the simplest kind, and is equally serviceable for large or small spans. The 
short struts aro often made of cast iron, and owing to their moderate l^igth, this material can be 
safely and economically applied without exceesive weight The connections are symmetrical, and 
have a natural, unconstrained appearance. For the larger spans, those over 40 ft., it becomes neces- 
sary to construct the two upper rafters as girders to resist oonsid^ble transverse strains, because in 
a roof of such a size there must be purlins between the points a, b and 6, c. Boofs witii this kind 
of principals aro sometimes called French roofs. Fig. 6686 is of the same Idnd as Fig. 6685, but with 
the strut so placed as to support the rafter in two points. Fig. 6687 is also of the same kind as 
Fig. 6685, but with longer rafters doubly trussed. The three forms just described are marked bv 
the absence of vertical members, and for tiiis reason the system is not a convenient one for hippea 
roofs, and for those roofs also where a longitudinal bracing between the principals is required in a 
vertical plane. Fig. 6688 may bo considered as the elementary form of a class in which vertical 
members are introduced, and in which the struts are not perpendicular to the rafter which they 
support. The same system is carried out in Fig. 6689. where each rafter is supported at three pobits. 
This kind of truss is most commonly used for hipped roofs in which a vertical member is required 
at the junction of the hipped part It is applied to spans up to 60 ft Fig. 6690 resembles Figa. 6685 
to 6687 in having the struts perpendicular to the rafters, and in having no verticals; but in the 
general arrangement of the parts and of the connections it resembles Fig. 6689. The advantages 
which this fuim of tmss. Fig. 6691, affords are, the curved shape of the tie, and the &vonrable or 
large angle of the tie at its start, which is at a. The parts a c, and c 6, may, or may not fotm fiart 
of the tmss, which ia complete without them, between a 6, 6 6', 6V, but they are useful as Ibnniiig 
bracing with the columns or walls, thus rendering the complete structure of a building more 
rigid and self-contained than with any of the roof forms from Figs. 6685 to 6690. The deaig- 
naUon of roof trusses is applied to forms in Figs. 6685 to 6692; the term girder being 
seldom used, although there is no important difference between trusses of this kind and gMersi 
Fig. 6692 is sometimes used when the roof covering must be interrupted to admit of ventilatioiL In 
its construction it resembles even more than do the preceding forms an ordinarv girder, and iha^ is 
nothing special to remark in it. Fig. 6693, which from its shape may be called a aickle giider, Imi 
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summed up as follows ;— Strain upon A D = + 3 A K; upon DC = + 2CK = C;; upon AP 
= — 36K; uponCF= — 2/c; anduponDF = + D d. 

There is clearly some analogy in the action of the strains upon a trussed roof and those upon a 
eirder. In both instances they are augmentative, according to the number of separate parts or 
bars in the structure, but the direction in which the increase takes place is not the same. Thus in 
a horizontal girder the strain upon the flanges increases towards the centre, but in a roof they 
increase towards the abutments, the lower end of the rafter having to resist the maximum strain. 
A similar increase attends the strains upon the tie-rod, as will be pointed out when examples are 
treated of, in which the tie-rod consists of two or more separate bars. If the rafter C B be con- 
sidered in the light of the last, or end bar, of a lattice of a Warren girder, the total strain upon the 
lower portion may be arrived at in exactly the same manner as in that case. The total reaction at 
B is equal to 1 ton, but of this one quarter is directly supported by the wall, so that the portion 
affecting the rafter is reduced to 0*75 ton. Making B m = 0'75 ton, and drawing mn parallel 
to the tie-rod, we obtain B n, equal to the total strain upon E B, and m n equal the total pull 
upon the tie-rod. It has been assumed in this investigation that there is no weight, such as a floor, 
for instance, placed upon the tie-rod, but if such should be the case, it should be distributed between 
the three points of support A, F, and B, and the weight added to the strain already obtained on 
F G. The result will be an increase on all the strains with the exception of that upon the struts 
D F and F E, In this particular description of iron stnicturcs there is very rarely any permanent 
load upon the tie-rod. During the erection of the roof, and at the subsequent periods of repair, the 
tie-rod is subjected to a small permanent load, consii^ting of the necessary scaffolding and workmen, 
but this is not of sufScient importance to be taken into the calculation, as the margin allowed for 
safety will more than cover it. 

Where there are so few parts, as in the first example we have selected in the diagram, all the 
strains may be readily calculated by a few simple equations, directly the theory of their action is 
understood, that is, provided their effect upon the various members of the truss can be traced from 
their origin to their final resistance at the points of support. Let W represent the total weight 

W 

upon one half of the truss, then there will be a weight of — , situated at the point D, and of 

W W 

— at A and G. The strain upon the end of the rafter, resulting from the weight — , is equal to 

w 

ady and by construction ad = cf D. Drawing dd' parallel to the tie-rod, dcf' = <f D = -^ and 

W W 

angle add^ si e. Putting a cf = S = strain on A D, we have 8 = -r— : — -z = t ooeeo. $. To find 

° 48ine e 4 

OF 5 

the value of 0, we put tang. = ^r-=, = 77; = 0*5000 and 6 = practically 26*^ 34'. Tracing the 

W 

action of the weight — , which is the vertical component of that already determined, it will be seen 

that it is transferred to the apex 0, and again resolved into a thrust upon the rafter. 

Summing up, therefore, we have the total strain upon the lower part of the rafter equal to these 

*t, ^ *v r a /W , W . W\ ^ 8 W X coseo. e ^ „^ ^ ^^ 

three, and therefore 8 = <-j- + -7- + -j^c x coseo. = = 0*75 x coaec 0, But 

cosec. = -; — -y, then S = 0*75 x 2*234 = lr67 ton, which agrees with the result given in 
sine u 

Table 11. The total tensile strain or pull upon the tie is the strain which resists this thrust on the 

rafter, and is consequently its horizontal component, and is represented by m n in the diagram. By 

construction, the angle mnB equals the angle 0, and puttinjp^ 8* for the pidl on the tie we obtain 

8^ = 8 X cosine^. From above 8 = 0*75 x coseo. 0; therefore 

8* = 0*75 X cosec. x cosine = 0*75 x cotang. = 0*75 x 2 = 1*50 ton. 

Obviously the thrust upon G D equals that upon A D, minus ad^ therefore equals 

8 — (0*25 X coseo. e). 

The strain upon the strut D F = a (f, and needs no further elucidation. It only remains 
therefore to calciilate that upon the king-rod. This is equal to 2/c. Let it be put equal to 8% 
and we shall have the equation S* = 2F/=:2D<f=2ac/x sine 0, But ad = 0*25 x cosec. 0. 
therefore 8* = 2 x 0*25 x cosec. x sine a = 2 x 0*25 ton. This completes the calculation rf 
the strains upon the half truss. It must not be forgotten that a horizontal thrust is generated at 
the apex G, which is resisted by one similar in amount and direction, due to the action of the load 
upon the remaining half of the principal. This would be rendered apparent if the other half of the 
truss were replaced by a wall. Xa some of our readers may not be acquainted with trigonometrical 
calculations, the following equations will enable them to check some of these strains they have 
determined by the aid of the diagram by simple arithmetical means. The rule for the total strain 
upon the end of the rafter may be thus expressed ; the total strain upon the end of the rafter is 
equal to the total weight supported hj it, multiplied by the length of the rafter, and divided by the 
rise of the roof. The rise of the roojf is the distance from the middle part of the tie to the apex or 
junction of the rafters. If P be the length of the rafter, L the half span, and B the rise, then 
P2 = L* + R« and P = VL« + R* = VlOO + 25 = 11*18. 

8ubstituting these values in the rule, the strain upon the end of the rafter equals 

0*75 X 11*18 , ^„^ 
= = 1*67 ton, 
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bcira of the rafter A F, are in reality but one bar, although theoretically snbdiYided. This is clearly 
not the case witli the strain iDduced upon the bitr U bj[ the action of the weight at B. The com- 
pressive strain in the strut B H is changed both in direction and character when transmitted to the 
bar H C or A H ; but the strain upon the bar B G from the weight at G undergoes no change of any 
kind in amount, character, or direction in passing to the bar A B. It is a simple addition, and so 
for the other strains transferred from G D, D £, and E F. 

Table III. 



Parts of the Half Truss. 



AB 

BO 

CD 

DE 

EF 

BH 

OJ 

DK 

EL 



Direct Weights at 



a 



+0165 



+0-200 






C. 



+0-0975 
+ 0-0975 






+ 0-185 



D. 



+0-0675 
+00675 
+00675 






+0-182 



E. 



+0-055 
+0 055 
+0 055 
+0-055 






+0-185 



F. 



+0-245 
+0-245 
+0-245 
+0-245 
+0-245 



Total Strains. 



+0-630\ 

+0-465 

+0-367 Rafter. 

+0-300 

+0-245/ 

+0.200) 

+0-185J 



There is no readier method of ascertaining the strains in Table III., than that demonstrated 
in the diagram. In consequence of the inclination of the bars and their deviation from the 
yertioal, the trigonometrical calculation of the thrusts, or compressiye strains upon the different 
parts of the rafter and struts, is not capable of being so easily effected as in the former-instance, 
where the queen-rods were perpendicular, nor is there any advantage to be gained in resorting 
to that method. The manner in which the half truss is affected by the transmitted strains is 
represented in Table lY. By the aid of the diagram there wUl be no difficulty in following the 
analysis, and there is no point calling for especial notice, with perhaps the exception of the strain 
upon the centre bar L M of the horizontal tie-rod. This U found equal to — 1 -069. It is evident) 
on inspection, that the bar L M is not in any way affected by the strains upon the intermediate 
struts and ties, forming the component parts of the truss. The strain upon it is exactly the same 
as if they were all removed, and the truss consisted simply of a rafter A F and the half tie-rod 
A M. The total load will then be supported at the two pomts A and F, half at each point. Make 
A N equal to this load equal to 0*5 ton, and draw N B parallel to A M. The line N B will scale 
1*069, and will represent the strain upon the bar AM, or L M. Whatever form of truss maybe 
adopted, or whatever may be the number of the secondary or subsidiary trusses, the strain upon tlie 
centre bar of a horizontal tie-rod will be that due solely to the loading upon the primary trass, and 
will be altogether unaffected by the introduction of smaller secondary trusses and bracing. This 
will be bettor seen in the example of a roof with an inclined tie, as will also several other cona- 
tions of strain, which are not so apparent in the simple instance in Fig. 6695. The direct and 
transmitted stiains may now be summed up, and tabulated as shown in Table V. 

The sum of the two descriptions of strains represents the total strains resulting from the whole 
weight of the truss. The strains upon the ends of the rafter and the tie-rods, that is, upon the 
bars A B and A H, may be checked by plotting the total i-eaction of the load at the abutment and 
eompleting the triangle of forces. 

Make A P equal the reaction, draw P P^ parallel to the horizontal tie. and A P' and P P^ will 
give the measure of the strains upon A B and A H to the same scale. Or the same results may 
be obtained by the formula already given, which, however, it must be remembered, only applies to 
those examples in which the tie-rod is uniformly horizontal. Let 8 and 8* equal respectively the 
strains upon the ends of the rafter and tie-rod, or upon the bars A B and A H. Putting for the 
angle of inclination F A M, and W for the total weight upon the half roof, then 8 = W x cosoc 
and 8» = W x cot. a and 8 = 2-124, and S» = 1*929, which agree with the strains found by 
summation in Table Y. Similarly the strain upon the bar L M of the tie-rod may be found by 
calculation. 

The natural cotangent of 25 degrees being 2*144, the strain required equals 2*144 x 0*5 
= 1-07 ton. The member which has the greatest' influence upon the strains upon a roof is the tie* 
rod. Directly this becomes inclined from the horizontal, it modifies the amount of the strains in 
all the component parts of the truss, and it is no longer possible to check the sums of the straina 
upon the ends of the rafter and the tie-rod by the same simple methods already adopted. This 
follows from the fact, that if the portion of the tie-rod situated next to the rafter be inclined 
upwards from the horizontal, while the central portion remains horizontal, there are no longw 
three forces making equilibrium at the abutment, out four. 

One operation is therefore not sufficient to resolve the strains upon all the bars affected by the 
vertical reaction at that point. It must not be assumed that the process of analysis which answen 
for a simple example, is also applicable to others of a more complicated and scientific form. 

In the practiced designing of roofs, if they be thoroughly well secured by wind-ties and bradng 
from the sudden action of violent strains, the material may be taxed a little more than in the case 
of a bridge. So far as the parts in tension are concerned, it might he safe to increase the 
stereotyped 5 tons to 6 tons an inch of sectional area, but it would scarcely be prudent to adopt 
the same course with the parts in compression. The strats constitute the weak p:)rt of a roof truss, 
and there is, moreover, this important difference between it and a lattice bridge— the failure of ono 
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bv in the fonner would be oertaih to Berionsly jeopaidizd, and probably deetroy, the seomity of 
tha others. This contingency la a well-known and a well-founded objection against the employ* 
nentof tha Wanen girder for any except limited spans, whereas the fractore of one of the baia 
in the web of a lattice girder would affect that bar only. 

Table IY. 









Parts or thr Halt Trdss 


» 








WdgbUat 


Aa Ba 


CO. DE. 


EF. 


AH. 


HJ. 


JK. 


KL. 


1 
B .. .. 

D .. .. 

B 

' •• .. 


+0120 
+0050 
+0-082 
+0*095 

+0-115 
+0-060 
+0-200 

+0-087 
+0-305 

+0'-*425 

••• 
•• 


+0-120' 
+0-050 
+0032 
+0-095 

+0-H5 
+0-060 
+0-200 

+0-087 
+0-305 

+0-425 

• • 


+0 050 
+0-032 
+0-095 

•• 

+0-115 
+0-060 
+0-200 

+0-087 
+0-805 

+0-425 

• • 

• • 


+0*082 
+0-095 

• • 

• • 

+0-060 
+0-200 

« • 

+0-087 
+0-305 

+0-425 

• • 

•• 


+0-095 

. • 

+0-'200 

•• 

• • 

+0-'305 

• • 

+o"-'425 


-0-210 
-0067 
-0-030 
-0-020 
-0-073 
-0-143 
-0-070 
-0-037 
-0160 
-0*120 
-0 075 
-0-275 
-0-090 
-0-340 
-0-223 


-0-067 
-0-030 
-0 020 
-0073 

-0-143 
-0-070 
-0-087 
-0-160 
-0-120 
-0-073 
-0-273 
-0-090 
-0-340 
-0-228 


-0-030 
-0-020 
-0-073 

-0-070 
-0-037 
-0-160 

-0-120 
-0073 
-0-273 
-0-090 
-0-340 
-0-223 


-0-020 
-0073 

-0-037 
-0160 

-0-073 
-0-273 

-0-090 
-0-340 
-0-223 


Total .. 


+1-499 


+1-499 


+1-379 


+1-329 


+1-297 


-1-929 


-1-719 


-1-509-1-289 


Vdghtiat 


LIL 1 BH. GJ. DK. £L. 


Ha 


JD. K£. 


LF. 


B .. .. 
c .. .. 
D ., .. 
E .. .. 
F .. .. 


-0-073 
-0-160 
-0-278 
-0-340 
-0-223 




+0-087 

. a 


+0-050 
+0-120 

• • 

. ■ 


1 +0*048 
+0 075 
+0-148 

•• 


-0150 

• • 

• • 

• • 


-0 070 
-0170 

• ■ 


-0-048 
-0-100 
-0-180 

• . 


-0-037 
-0075 
-0-147 
-0187 


Total .. 


-1-069 


• • 


+0087 


+0-170 


+0-271 


-0-150 -0-240 


-0-338 


-0-446 



Tablb V. 



FttttaoftlieHAlfTniM. 



Direot Stnlna. 



Tranamitted 
Siraina. 



AB 

BO 

CD 

BE 

£F 

AH 

HJ 

JK 

KL 

LM 

BH 

CJ 

BK 

KI* 

He 

JD 

KE 



+0-630 
+0-4C5 
+0-367 
+0-300 
+0-245 






+ 0-200 
+0 185 
+0-182 
+0185 



•* 



+1-499 
+1-499 
+1-379 
+1-329 
+ 1-297 



-1 
-1 
-1 
-1 
-1 



929 

•719 

509 

-289 

-069 



+0-087 
+0-170 
+0-271 
-0150 
-0-240 
-0-338 
-0-446 



Total Strains. 



+2-129 
+ 1-964 
+ 1-746 
+1-629 
+1-542 
-1-929 
-1-719 
-1-509 
-1-289 
-1069 
+0-200 
+0-272 
+0-852 
+0-456 
-0-150 
-0-240 
-0-338 
-0-446 



Baiters. 



Tie-rod. 



Struts. 



Ties or 
qtieen-rods. 



oec^*^ ^^"^t^l «^ Inclined Tie-rods.— The tie-rod of a roof has hitherto been regarded aa 
ibis H^^^K A horizontal position, from the extremity of one rafter to that of the other, and a trues of 
eogjj^^^ptioD answers well enough for spans of limited dimensions, and also in instances where the 
^£]^^ is not troubled about the question of headway. Freque 
^ ' - obvious plan la t( 

^;^j^^ oi an J single trass or giraer is airecuy as the depth, tlie raiaing of the tie-rod diminishea 



headway. Frequently this is the very question he 

raise tbe tie-rod. But since the 



itt^i^^^Ual with. To increase the headway, the obvious plan la to 

Ihe ^5^ o^ ftny single truss or girder is directly as the depth, tlie : „ 

flia ^v^^^^9 <^nd therefore the strength of the truss ; or, what amounts to the same, the strain upon 

<ilhei^**^^^ members of the roof is increased. But this is of comparatively little consequence with 

^*id more important considerations. There are certain given conditions which must be 
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falfiUed, no matter what the straia may be, and the engineer has only to make the befit of them 
under the circumBtanoes. Supposing therefore that it is necessary to employ a desoription of 
trass, with the tie-rod raised above the level of the extremities of the rafters, there are some points 
of difference existing between the two types which demand notice. A more correct distinction 
might be made, bv calling one the single, and the other the double trass systc^m, as a reference to 
Fig. 6696 will indicate. The whole roof represented in the diagram consists of two separate 
trusses A D 0, B D G, which are united at the apex C, and held together 
by the horizontal tie-rod D D. In the diagram, the parts in compression ^^*' 

are shown by the thick, and those in tension by the thin lines. The ^^^f^s^ 

only point of identity that exists between the double and the single ^^f^xA^^/^ 
trussed roof, is in the king-rod CE, «hioh has no strain whatever ^^^c?3J-~5:#f.A^5?5K^L 
on it provided two conditions are fulfilled. These are that the por^ "J ^p 

tion 01 the tie-rod which is connected with it should be horizontal, * 

and not sufficiently long to be liable to sag from its own weight. It might be imagined that, as 
the horizontal tie-rod D D prevents the feet of the separate rafters from being thrust outwards, it 
virtually has a strain upon it equal to the horizontal thrust ; but such is not the case, and the error 
must be carefully guarded against. If the tie-rod D D were directlv attached to tiie extremities 
of each individual rafter, it would then be in the position of that belonging to the single truss 
svstem, and the pull upon the portion of it next to the rafter would equal the horizontal thrust of 
the roof. But in the present instance the pull upon it, due to the tlirubt of tlie rafter, can only be 
transferred to it through the medium of the inclined tie A D, which consequently alters both the 
ftirection and amount of the original strain. The strains upon the trusses themselves are depen- 
dent both upon the pitch of the rafter and the angles F A D, F B D, of the inclined tie-rods, 
supposing span and load to be the same. Both these are also dependent upon the absolute pitch 
of the roof, that is, the angle GAB. There is a particular value ft>r this angle, which causes the 
strain upon the bar A D to be exactly double that on D G. The advantage of this in practice is 
obvious, as it simplifies the number of independent parts ; since, whatever may be the scantling of 
D O, it is only necessary to use two bars instead of one to obtain the requisite quantity <^ material 
in AD. 

The reduction of the component parts of a stracture to as few dissimilar pieces as possible, 
is a consideration the importance of which cannot be over-estimated. 

Before proceeding to analyze by diagram the nature and amount of the strains upon the double- 
trassed roof represented in Fig. 6696, a ^w of them may be ascertained by calculation, and will thus 
serve as a check upon the other method. 

Put S for the n)an, B for the rise or depth of truss ftom G to E, L for the length of the rafters, 
W for the toted load in tons upon the whole principal, and for the angle of the pitch of the root 

The distribution of the load on the half truss in reference to Fig. 6696 will be -j- , at the point 

F, and — at A and G. The total weight at the apex G will be — , but — is all that concerns the 
strains upon one half of the trass. To find the strain first on the strat F D, put S for the strain, 

TIT 

and it becomes S = -j- x cos. B, If we take W = 2 tons, which makes the load on the half truss 

equal to unity, and 9 = 26 deg., we have S = 0*449 ton. To determine the strains upon the dif- 
ferent parts of the rafter, make the angle F A D = O' ; both these angles and 0^ can be readily cal- 
culatec^ as the one is a function of the rise and span of the roof, and the other of the leng^ of the 
rafter and the length of the strat F D, which is known by construction. 

Altogether there are three strains brought upon the rafter A G, which affect the portion A F, 
and two which affect F G. Galling these Sj , 8, , and S, respectively, we have their respective values. 

a W^ ^o W ^ ^ ^ ,^ W 8ine90 + («-O 

8. = — X tang. 0', 8, = -p X cos. x cot. 6* ; and 8, = -^ x : — ^ -' 

* 4 4 8 sme 0r 

The part of the rafter F G is obviously not directly affected by the weight at F, which produces 
the strain Si ; therefore the strain upon F G will be equal to 

/Q LON W o * -» . W sine{90 + (e~O} 
(8. + 8.) = ^ X cos. a X cot. (r + -^x L__^^ i, 

and that upon 

AF = (8, + 8. + 80= ^(tang. O + coB.* X cot. <0 + 1 X ^ '-^^^ Jf -*^ ^ 

The formula may be put in another form, for let (8| + B, + 8,) = M, then 

M= ^ .^ ^, X {(2sineO'tBng.a-|-cos. ecotO + Biuef 90-h(e-Ol• 
8 Slue 6 

Substituting in this equation the correct values for the quantities we obtain 

M = , ?^r-r X { (0-516.(0-487 + 3-349) -|- 0-981) j = 2 86 tons. 

4 X 0-258 

The strain upon F G can be obtained either from the formula given above, or more simply by sub- 
tracting from the last. Galling it N, we have N = (M-8h, = (2-86 — 0*243) = 2-617 tons. A 
comparison should be made between these re^iults and those ootuined for the strains upon the rafter, 
when the tie-rod is horizontal, in order to trace the manner in which the inclination of the ties affects 
them. The angled* becomes an element in the calculation, and assists in oomplicatuig it We may 
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now aaoertain the straiiis upon the inclined tie-rods, A D and D C. There will be only one upon 
D G, due to tlie direct action of the weight at F which will produce equal straiuB upon A D and 

D C. These may each be calculated from the formula S. = — ; — r^^ = rr—. — -: =0*87 ton. 

Bine 2 ^ 2 sine v 

As this strain is transferred to the apex G, it is multiplied again on the rafter and the tie A D, 

which also receives an additional strain from the weight directly superimposed at C. There- 

fere the total strain upon A D is equal to 2 S^ + S^, but S, is equal to — - x . ' ^ , and may 

o sine u 

be easily shown to be equal to S. . For S. = —-; — ^—r- = -7- X cos. X -: — -tt^ . Substituting 

^ sine 20 4 sme2r 

far the expression sine 2 B* its equivalent 2 sine 0' cos. 6', the Identity between the two equations is 

established, and the total strain upon A D becomes equal to 2*61 tons. But there is another strain 

upon D G due to a part of the strain upon A D. Let the portion of the strain upon A D equal S, , 

that affects D G and D £. Then the additional strain upon D G will be given by the formula 

R -« ^ gjpe i^ - O 
' Sine (fl + <> ) 

Tlius making the total strain upon the tie D equal to 1 '37 ton. It only remains now to find the 
strain upon D £, which is found from the equation 



8,= 



8, X sine 2 B' 



or S« = 



0-50 X sine 80° 
5nell° 



= 1-81 ton. 



sine (0-0 

These calculations will be found to •check sufficiently doeelv with those arrived at bv the other 
methods, represented in Fig. 6697, to prove the acouracv of the results for all praotioal purposes. 
The strain upon D £ is the same as that of the horizontal thrust, modified by the action of the tie- 
xod AD, for D E might be replaced by an abutment or buttress at the points A and B, without 
altering the conditions of equilibrium existing in the roof. 

Tablb VI. 



pArtoofTnin. 



AF 

FO 
FD 
AD 
DO 
D£ 



Weight at 



A. 













F. 



C. 



ToUl Stnuns. 



/+0-225\ 
\+l-700/ 
+1*700 
4-0-450 
-1-750 
-0-875 
-0-670 



-fO-950 
+0-950 

-0-'875 
-0-500 
-0-670 



+2-875 

+2-650 
+0-450 
-2-625 
-1-375 
-1-340 



Bemarks. 



) 



Rafter. 

Strut 

Ties. 

Tie-iod. 



The diagram in Fig. 6697 shows the lines necessary to obtain the strains upon the different parts 
of the truss, and in Table VI. results are given so that they may be compared with those already 
obtained by calculation. In the diagram there are two metiiods demonstrated, one showing the 
actual transference of the separate strains, and the other total strains upon the different members 
of the truss. According to the distribution of load which is adopted, the total load upon the half 
^ncipal being 1 ton, uie load upon point F is 0-5 ton, and at A and G 0*25 ton respectively. 
The lines which indicate corresponding strains, are distinguished in the two methods as far as 
possible by the same letters, with the addition of dotting those belonging to the outside diagram of 
strains. Any line parallel to any given bar is a measure of the strain, or a p|art of the strain, upon 
it The difference between the two methods is that the one, or successive method, gives the 
separate strains brought by each weight upon the different parts of the truss, while the other 
method does not. Take, for instance, the strain upon the two paxta of the rafter A F. F G. By the 
former method the strain upon A F is ascertained oy measuring the lines ab^fCj and h G, and that 
upon F G by / G and A G. By the latter the strain upon A F is equal to A G + A F, but the strain 
upon F G is equixl to A G + 6' F, the exact reason for which does not appear, as the manner in 
wnich the strains act is not investigated throughout. It is not the result alone that must be con- 
ddered, but the means by which that result is obtained. 
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6698. 




It is the preliminary steps which are the most important, and the very points which require 
aocnmte elucidation. In Fig. 6698 the same truss is shown with the strains indicated by the lines 

8 B 



asis 



HOOPS. 



beaiing the some letters aa in Fig. 6697, and the diagram u drawn in aceordanoe wiOi the tnetbod 
known aa the polygon of forces. Wbile tlie reauJta are porfectlf accurate, the method tula, like the 
other, to trace the action of tlie atraiiiH, and eaa thercrore enpply no information, except to thoee 
who have already nuistored tiiu whole Bubjoct. A compariHon of these two diagrams will pniot 
out that they agroe not only in tlie tnlal, hut in the aeparato strains, much more closely than 
might bo imagined. For oiample, tlie total strain upon the tie-rod A D is equal in Fig. 6697 to 
<!d+fa + hg=.3cd. 

On referring to Fig. 0698 it will be seen that these separate strains are oorrespondingly repre- 
sented by the tlircc Bubdiviaiona of the line A 1). 

Similarly for the straina upon D C, which are equal in Fig. G697 to D rf -f K /, and in Fig. GG!B 
the subdivisions of the line D C. An eiaminalinn of the method of the polygon of forces will 
demonstrate that it is in every way superior to the reaction method, aa may be termed that ahown 
by the dotted linea outside the tmaa in Fig. 6697. II is iiiflnitply more elegant, and marka the anb- 
diviaions of the strains better. It is, like the other methods, always used in oomhination with the 
elevation of the truss, from which the direction of the different bars has to bo obtained. Table VL 
■hows the total and separate strains upon the varioua piirts of the truss. The line A C in Fig. 669g 
represoata the totnl reaction at the abutment, nnd the polygon of forces ce.n thus be readily applied 
to the actual diagram of the roof. Make Ac, In Fig.661>7, equal 0'73 ton. equal the resctioa at 
A; draw en parallel to A D to meet the rafter; from the point m, in the line Ac, in which ctn = 
the weight Bupporlcd at A = O'SSlon; draw m G porullel to the rafter to meet nG, drawn pu«llel 
to the strut, end complefc the diagram. 

The inuctioD of tlie varions lines in this diagram will point out the manner in which each bnr 
affects the other, ellhongh the relation is not so plainly exhibited as bj working out the snccesaJTe 
strains npon the actual tnus itself. If the method of ascertainiiii; the straina be worked oat by two 
different diagrams, it will obviate the necessity for checking tbcir accuracy by trigonometrical 
nlcnlationa, although it will bo more satisfactory to check the totals by an altogether independant 
proceas, than to employ two, which, although varying in detail, depend upon one and the onM 
prineiplc. 

Double Tnm, icith T,cn S(ruM.— When the span of a roof exceeds the limit of about 35 or 40 d, 
the simple design already illuatrated requires lo be somewhat modified. It baa been before 
remarked that the intruduction of struts in a braced truss or framework is for the purpon of 
nullifying the transverse strain, that would otberwiso be induced npon the members of the tnist 
Beferring to Fig. 6699, it is clear that when the length of the rafter rtachcs a certain limit, one atml 
in the centre, bb was siiown in Fig. 6697, would not lie sufficient to prevent the two halves of tha 
rafter into which it divided it from being nffectcd by tmnsverse strain. Consequently it bocoDMS 
necessary to use n couple of struts, and divide tho whole rafler into tliree parts. An excellent raj 
of the iorm ahown in Fig. 6699 may bo constructed for spans not exceeding 60 ft. When tha 
dimenaionB are grealer, a different and more compticnted description of truss must be nsed, and tv 
Tery large spans, the circular or segmental form is the best adapted. In tracing the "'^*'''!^^ |^* 
stminB in tho diagram in Fig. 6699, the process will be very analngous to that already described t,,^ 
tho example in Fig. 6697. making due atlowaQcc for the action of the two struts instead of a sio^-]^ 
one. The distribution of the loud will vary, in every instfinco, awording to the number of pov^jj, 
at which the rafter is supported, that ia, in proportion to the number of etruU introduced into ^^^ 
system of truasiii;;. 




DatiBcthn beticccn Struts and 'J'icf. — In order to determine ^«V» 
ties in any form of trusa, when tho strain acta upon tliem in ix. ' . ni 
Fig. 6700, be two bors meeting at an apex. It the strain ^-^s-v^^*^. * 
they will both be struts, and if in that of arrow F, they ■w«a'^,'» ^W 
be in tlio direction of tho arrow G, the bar A wiil be a stmt, - 
H, the bar A wiU be a tie, end B a stmt. Tlie rule 
If the force or strain acts in any clircolion wilbin the an, 
struts; but if it acls in the direction of, and within, the 
are both tics. Again, if the strain acts within the nn^l 
of the bara, and of the prolongatinn of tho other, then tl_ __ 
sides of Ihe angle is a tie, and tho other n strut. To appt;^ 
\an in Fig. 6701 be represented by tho teme letters as^ 
indicated br the dotted lines and corrct^ponding dotted leUj ^ 
A E and D £ are affected by the etrain ujiou tlie stm' * 
represents tho direction of the force wiiicii Ual —""■•*■ 
by (lie prolongation of the bars A B and H 
lake the bura D E and E F, the directian of 
the angle formed by the direction of <■ 
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D E Is in teofdon and E F in compression. But as EF is not intended to act as a strut, it under- 
goes no stiain from the direct weight at B, as Table YI. will show. 



s7oa. 




6706. 



6707. 




EscanpUa of Roof Trustes. — 
In Figs. 6702 to 6711 are re- 
presented the elevation and de- 
tails of the City Terminas roof 
of the Sonth-Eastem Railway, 
at Gannon Street, London. The 
span in the clear is 187 ft., the 
depth of the truss ai the centre 
is about one-sixth of the span. The truss is of the form 
shown in Fig. 6693, very similar to the one erected at the 
other terminus of the same railway at Charing Gross. The 
rib, which has a total depth of 1 ft. 10 in., shown in Figs. 
€703, 6704, and 6706, is of the plate type, and consists of 
an upper and lower flange, composed of one plate and a 
pair of angle irons each, together with a web f m. in thick- 
neas. A section of the purlin is shown in Fig. 6707, and the 
manner in which it is connected with the main rib in Fig. 
6706. Figs. 6703 to 6705 show the coupling of the struts and 
ties forming the bracing to the rib and to the tie-rod. Fig. 
6712 is a section of the strut, which is in two pieces bolted 
together, but kept apart by a cast-iron distance piece as in 
Fig. 67<H. The details of the connection of the purlins and 
of the slating and glazing are represented in Figs. 6708, 
6709. The top of the louvre sts^dards and sa&h-bars, which 
are of X iron, are shown in Fig. 6710. Fig. 6711 represents 
the purlin and its attachment to the louvre rail. The out- 
side radius of the nuiin rib is 108ft. ^ in. Figs. 6713 to 6728 

6710. 





6703. 



6704. 




6706. 



6711. 




6713. 




show another example of a truss well adapted for railway station loofs, which is erected over the Bxoad 
Street station of the Korth London Bailway. The section of the rib, Fig. 6714, is rather peculiar. 

8 B 2 



It oondsta of foot angle iiona with * web-plnte, the lower part of which prnjeoti below the lower 
u^ irons. Figa. 6714 to 6717 are the detiul* of the oMt-iron ■boe, and the method of oon&eoting the 




foot of theprtndpnluid tfaelte-rod. Wrought-iron cheeks ue bolted on to the endt of the principal 
Taften, Fis. 6716, in whiob figure D D are wrought-iroD dowels. The jimctioii of the rod* with the 



» girder und as tho pnrfinB. Pig. 6726 gives the details of the gutter ; Figs. 6727, 6 
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exceed 10 in. in girth. A cora or heart ia used in shrond-tald ropei ; it it mftde of rops. Mid ■■ 

filaoed in the osDtra of the etracdB, ruDDing from end to end of tbe rope with the strandB Imid nHmd 
t. In old worn-out ropes tho core is aiwayi found to be broken in coneequence of the stretching of 
the HtruidH; for the etranda being tvisteii spirally, and the core straight, the strands will gira 
more under a load than the core, which cannot therefore be relied upon for adding strength to the 
rope ; bnt it assists materially io keeping the strands in position daring the manufactue of the 
rope by hand. Flat hempen ropee ate oiade of four or six ropes, each composed of three strands, 
and laid alternately to the right and to tbe left ; these are stretched side by side and sewn thmigfa 
in a zigzag direction. 

Before the hemp is spon into yarn it has to be freed from diut and hard knots, and the fibres 
oombed, BO that they may be separate and parallel to one another. This process is called heckling, 
and ia done either by machiner; or by nuLTiiml labour; the machinery for the pnrpose is ""'Ut h> 
that used in the praparalion of Ahi. 

The next proceas which tbe fibrps nnduigo is that of spinning into yams. Hand-apinning is 
a a long strip of ground called the rope-walk, which is generally covered by a low iwf ; 



abont 1230 ft., or a little over 200 fathoms, and tl^e width abont HO ft. The tie-beems of the nxtf 
are placed every 30 ft. or 5 fathoms apart, nod carry a row of hooks on tbe under side. 

The hand-spinning machine, Figs. 6730, 6731, is formed of two cast-iron fnunet with a faand- 







wheel A between them, driven either by a man at the winch-handle 

at the bafk, or by eteam power. A band passing roaud tbe wheel 

passes over twelve wood rollers or whirls B, 1} in. diameter, as 

shown enlarged in Fig. 6T32, fixed on steel spindles about } in. 

diamrter, which revolve in notches oi bearings in the brass di«;B C 

screwed in the frames of the machine ; tbe spindles are kept in (heir 

bearings by a ribbon of wrought iron screwed upon the outside of the 

frame. On the back end of the spindle is a shoulder, and between 

this and tbe brass disc is a lonoe collar to take the poll of the yams 

in BpiDQtDg ; the spindle is kept in by a finger D fixed on the back 

of the frame. The front end of the spindle is drawn out into a 

hook E. Tbe notches in the brasses C, shown enlarged in Fig. G733, 

are for the pnrpose of forming fresh bearings for the spindles ; there 

are eight notches in each brass, and when one notch is worn down 

tlie biaaa ia turned to bring another notch round; when the whole "''^ 

of the notches are worn down a new brass ia put in. Tho twelve hooka and whirls are set upon the 

semicireular upper part of the machine, anil are mnde to revulve by the band wbiob paatea over 

them from the driving wheel A. 

Each spinner before beginning to spin takes up a handle of hemp suffldent in quantity to qun 
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oneQuead D(;Bm of the required length; he places tbe bight ormiddle of ttie length ot the flbres 
is fieat of bitn, uid turns the enda rouod his waiiit, croeriag them behind. If the iborts are to be 
«<Mtod into the yuti the; ore tacked beloir the bigbt. Each spiunsr cturies in his right hand a 
piaoe of itout liat. There are twelre apiniiers to each machine, one to each liook. The epinnei' 
draws fomi Qie bight or front of the bundle round hii wairt a eafflcient quantity of fibres for the 
■ile of the Tarn or thread aboat to be epun, tho^ forming a sliTer, which he twists with his fingers, 
■nd bocda the bight of the sliver on to one of the revolving hooks of ttie machine. He then walks 
baokwards towards the bottom of the rope-walk, drawing the hemp from his waist and forming a 
■Uver with his lalt hand, pulling some of the fibres back if the; cnma forward too quickly, and 
drawing sooie forward if there are not enough Co keop np the required size of yam. The sliver 

Cna tUTongh his right hand, with whioh by means of the piece of list he firmly grips it, so as to 
a the yam. The spinner thus prepares the sliver and funns the yam, while the machine gives 
It the twist. Care most be taken not to place t)ie ends of one set of fibres too near to the ends of 
the next set, not giving them sufficient lap, otherwise the yam will part by the fibres slipping end- 
ways from one another ; and also to keep Ihe fibres even and regular in thickness, in order that the 
yam may be of equal strength Ihroughont. The spinner's pace in walking backwards must be 
mufbrm and in aooordance with the speed of the revolving whirls. The speed of the whirls and 
the amount of twist of the yam is dependent upon the quality of the rnpe to be manufactured. 

The twelve spinners are dividtd into three sets of four each ; four risers, four middlemen, and 
Cmr leaders. The four risers work from the tbnr hooka an the left side of the machine, the fonr 
middlemen from the fonr middle books, and the foor leaders from the four hooks on the right of 
the machine. All the twelve spinners start at ouce from the machine in the moming. The four 
riaeri spin down the walk a yam one-third of 160 fathoms long and then atop, while the middlemen 
and leaders continue to spin past them. The four yams of uie risers are now unhooked from the 
whirls by a man at the top of the walk, and are passed each through a hole F in the frame of the 
spiuniDg machine, Fig, 6730, to a reel at the beck, upon which tbey are wound; the men at the 
bottom end of the yam stiil hold on ao as to prevent the ^ams from untwisling, and follow it up to 
the machine as it is wound on to the rceL They then twist the ends of these yams on to one of the 
bolding pina G on the cross-bar of the machine frame, and start spinning again with four fr^ah 
yams, which they will this time spin down to the whole length of l<iO fathoms befbre stopping. 
The tbai middlemen spin down the walk a yam two-thirds of 160 fathoms long and then stop, 
while the leaders still go oD and pass them. I'heir four yams are taken off the hooks of the machine 
and spliced on to the ends of the four yams whioh were left on the holding pin by the riserH ; the 
yams of the four middlemen are then wound on to the reel, the men following tliem up the walk 
and fastening the ends on to one of the holding pins; the middlemen then atart fresh yams 
of 160 fothoms length and spin down the walk. The four leaders spin down the walk a yam 
160 fathoms Ions, and then they also stop, and their four yams are taken ofiT the hooks and apuced 
<n to tlie aids of the fbnr jams left on the holding pin by the middlemen : the yams of the leaders 
•ra then wonnd np on the reel, folbwed up by the men. 

As the spinner proceeds down the walk he teases the yam with his left hand on to one of the 
hooks in the rafters in order to support it ; and in coming back he jerks it off uain. The dis- 
tances of one-third, two-thirds, and 160 fathoms are chalked on the side of the abed, and as the 
nnnnera of each set come to the distanoe they shake their yams, and tbns signal to the man at 
the machine for the jama to be unhooked and reeled up. 




When the real bshind the spIimiDg machine has been filled with the four lengths of yams 
^im, it is taken to the winding machine, Figs. 8734, 6735, whioh separate* the four yams on to 
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four separate bobbtna A, A, mid also rereneB the lay oF the yam end Tor <^ to th»t the Cbsaa 
mny lie in the proper directtoo for paasiiig through the neit proosK. Fig. 6734 U a front eleva- 
tion of hnlf the length of the machine, ghowiiig too of the fonr winding bobbina A, A ; and 
Fig. 6735 an end elevation. The bobbins are driven from the drum B, vbioh extends the whole 
lengtli of the machine, by means of strepa passing round the fonr riggers C, G, fixed on the vertical 
spindles that oany the bobbins A. The full reel conlaining the four yams f^om the spinning 

■ ' ■-- ' '-' ' ' t-LJ- J .1 -_ I- !.=__ J .!._ __J_ ^ 0jg (■(mj 



is mounted on a temporary frsme behind the winding machine, and the ends of U 

yams are led to the bobbins over a sliding bar D, wliich has a vertical reciprocating luuuuu 
given to it by the oam E and lovers F, for the purpose of filling the bobbins legnlarly and equally 
m>m end to end. Other forms of winding muchinee are used, but the principle of constmotian is 
tlie same in all. When the four bobbins are filled thej are replaced by empty ones, until the whole 
of the reel from the spinning machine ia wound off upon bobbiris. Toe four full bobbins are then 
taken away and placod vertically io a large wooden frame called the bobbin-frame, whicll bcdd* 
&om 150 to 200 bobbiuB. Each bobbin contnioa about 14 lbs. of yam. 

The neit process Ib that of twiating a number of jaiaa together into a strand, which is termed 
forming, and ib effected in the formirig macbine and in the shed covering the rope-walk. Having 
ascertained the number or size of tlie thtead ttjat ij of mfflcient thickness to form the required 
strand, the number of jams corresponding to that aize of thread is selected : and the ends of tbe 
jams of this size are drawn from the bobbina and brongbt in a converging direolion to a square 
iron plate, called tbe register plate, perforated with a number of ronna holes. Each yam is 
made to pees tbrongb a separate hole in the register plate, and the yams nil converge thence into 
one common point tlirough the foiming board, in which is a taper steel tube with a tmmpet- 
monthed taper hole through it. The hole in the tube varies in diameter for ecurh size of strand 
and is selected by a gsnge ; the diameter of the tube for one of the strands for a rope of 3 in. 
girth ia A in. at the small end and A in. at the large end, and for the atrands of a rope of 2 in. 
nrth it Is -^ in. at tbe small end and -^ in. at the large. The convergent yams are entered into 
the tube at uie large trampet-monthed end, and are forced tbrongb, fitting tightly into the tube; 
they are thus sqneezed together previongly to being attached to the forming muchine. 

The fonning machine for twisting the hemp jeu'ds into strands, Fig. 6736, is mounted on 



Fpnmmf itnrhum 
Hr "Kmu/iff' <A« ttrandj (or Htrnp Bnpt.. 




wheels, and made to travel along the length of Ihe rnpe-walk by tho endlels rope A, called tho 
fly-rope, which passes round pulleys at the top and bottom of the walk and acts as a driving 
rope, being driven by an engine. This fly-rope takes a turn round the whelp-wheel B, which 
gives molion by gearing to the dmm C and tlie twisting hoofes or nibs D for forming tbe 
Btrnnds. A Gied rope E, called Ihe gronnd-rope, made fast at the ends of the walk, ia coiled 
round the drum 0, so that hj the revolution of the dmm the niacbine is made to travel along the 
walk. During the travel of the machine tbe yams hooked upon each nib are drawn ont and 
twisted together into a strand ; each nib taking the number of jams required to form the strand. 
The speed of revolution of the hooks is regiUsted aocording to the kind of rope into which th« 
strands are to be made: and the great object is to adjast the rale of travel of the b ' " ■ 
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'*l>lioD to the ^««d oT the hooka, aa tbat the Btrands msj Teoeive the proper unoimt of twiit in a 
gJTffi length. Foe this purpoae the ataTsa of the dram C which gives the troTel of the machiae 
>re luHe cBfiable of being alijfled to or froia the eentre of the dram bj meana of adjasting screWB^ 
") u to dinunish nr increMO tLe rale of tiavel. 

Aftrr leaving (be forming machine the atraodi are laid into a rope by two lajing taachiuea. 
Pigs. 6737, 6736, one at tho upper end of the walk and the other at the lower end. Id this pro- 
"f^ imtead of being twisted to^^her as the yams are in the previous process, the strands are 








pmced or laid in their spiral tMsitlon ia the rope oithonl being twigtcd. Tho laying machine at 
^ °PPer end of the walk, Fig. 6737, Is fixed, and the three Btranda to fonn tlie rope are attached 
^jrT books D, which are made to leTolve in a similar manner to those in the previons forming 
^■oJ^e, by the fly-rope passing round the wheel B. The lower end laying machino, Fig. 6738, ia 
lr> ^^ to travel part way ap the walk na the length of the stmnds become shortened by their 
^''C laid into a spiral In the rope. The wheel B here drivea the two forelocks A, A, to one 
? °jber of which the strands are made fast, according aa the twist of the rope Is to be right- 
~*°°«l OT left-handed. The threie strands for the rope are stretched tight along the length of the 
jj™ from the books D of the laying machine at the nppct end to the forelock A of tlie lower 
^S machine, and are aopportcd off the groand and kept separated by means of posts, called 
''™^'4 P*"^ plaoed at every 5 fathoms length, with pegs to carry the strands. A taper piece of 
?^ >fth three grooves, oallod the layiag top, shown enlarged in Figs. 6739, 6740, is then 
^^*^ betweeo the strands close to the lower machine, with its stoaller end towaida the fore- 
■~f4^ one of the atranda lying in each of the gtooves. A transverse bole is made thrangh the 
''"K top, through which is pwaed the top stick or hutdle that the top is held hj. The laying 
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top* are m«de of Tariona size*, according to tlio eiie of rope req 
ttie top is 12 in. Iocs, 10 in. diameter at tlie larger end, and 8 in. r 
ia more thao 3| in. in girth, a top cnit is used for BUpporting the top. 

The laying macbinea being now put in motion, tbe revalutian of the 
forelock A, Fig. Gia^, gives this twist or bard of the rope, while the laying 
top is final; held by the handle from taming. The hooks D, Fig. 6737, 
at the other ends of the etrands are mode to revolve in the opposite direc- 
tion to tbe forelock A, which ia twisting tbe rupo, so that the t-'* -"' 
iiilo each of the individual Blranda at the point where they are un 
tbe rope immediately behind the laying top ia taken out aguin by tbe 
books at tbe upper end. The laying top is gradually preaned forwards by 
Uie closing of the atranda upon one another behind it ; its motion requires ______ 

to be very tegular, and it ia prevented from moving forwards too fast by a I T] | 




. ., , i' ia pri 

piece of rope attached to thu top bamlle, which is coiled round 



rope already twisted, and thua acta aa a drag to 
machines muat be driven at exactly tbe proper ^ 
other, BO that the twist put into tbe separate strand 



Th. l»o Lying , I 1 

relatively to each I | 



le the twist of the yama in each s . —^ 

that of the stianda in tiie rope ; or if too faat, the Btranda will become fUat/. 

twisted tighter. In order that tlie man holding the laying top may And STM. 

oat how the macbinca are working, whether too faat or too alow relatively 

to each other, be makes a mark on ODe of the atranda close to one of the supporting poala ; if the 
strands are being twisted too fast by the hooks of the upper laying mnchine, the mark on the straod 
advances towards the upper end of tlie walk, from tbe yams tbemaelves becoming twisteil lighter 
together in each strand, and tbe length of the strand is shorteued ; but if too alow, tbe mark re^des 
towarde the lower end. from the partial untwisting and cousequeut lengthening of the individDBl 
strands. In laying the stranda care ia required with regard to tbe angle that the atraoda take. 
Should the teneion on the atranda become unequal, Ihe lequiretl additional twiat is given to those 
which have got slack by throwiTig out of geiir those houks of the upper laying machine to which 
tbe tighter strands are attached, and allowing the others to continue revolving until all the strands 
have again become equally strained. As the formation of tbe rope proceeds, the lower laying 
machine is gradually drawn up the walk by tbe shorti-Ding of the slrands as they are laid together 
into the rope; and press weights are placed on the frame of the machine to retard ita motion and 
bold the rope tight enough during the laying. Formed strands of ISO (athoma lengilb will moke 
120 rathoms of hawser-luid rope ; the length of the strands will be determined by the length of 
lope required. 

After the rope is taken off the laying machines, it is coiled on to a drum driven by steam 
power, being guided from end to end of the drum by the workman, whoae hands are proteoted by a 
piece of old corilage twisted on the rope that is being coiled ; this gives a polish and finish to the 
muface of tbe rope. 

The previous description has referred only to ropes manufactnnid by hand. In the application 
of machinery to thia manufacture, Cartwright appears to have invented the first rope-making 
machine, which is the basis of others sinoo oonstnicted, his Cordelier having been brought out in 
1792. Fig. G741 shows the cordelier, whioU revolves on the horizontal shaft A, the laying top B 




■erring as the bearing at one end of the shaft, having boles through it for the atranda to pMss 
through. In the discs O, C, fixed on the shaft A are centred the three horizontal spool-bauua D, 
carrying the spools E, which contain Ihe three strands tc be laid together. Aa Uie oordelier 
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If the ropea ue to be Uned, the tar i^ applied to the yarna on luTing tbe ipinnin^ nMehine. 
For this purpose Ihey tire flrat wound off from the drum bebiDd the apinmng machine upon a 
winder called a wbimwam, made of a light open frame of iron and wood revolving on a horiiontal 
abaft. The loo«e ends of the fonr ynms on the dram are attached to a book at tbe right end of 
tho winder, whioh is then lamed by a winoh-Iiandle to ntnd the yams on, the yamB being 
gnided on from end to end by a traversing plate with four boltw in it which receives Uio reqnired 
traverao motion fhnn the shaft of the winder. On reaching the loft end of tbe winder tha yams 
are doubled round the hook at that end, and the wincb is then tnmed in the opposito direction, 
winding tbe yams on till they reach the right end, whero they are similarly doubled ronnd the 
hook at that end, and the winding is then again roversed. When a safflaieut qoaotity of yam 
haa been put on the winder, tbe hook at one end is taken ont and tho yam is naooiled from ilie 
winder, thns forming a long skein called a hanl, which is then colled npon a small cirenlai 
turn-table, alx>ut 4 ft. diameter, mounted on wbeols. The haul of yams is then taken to the 
tarring shed, and nnooiled from the tum-table into a caldron of tar heated b; fire or steam ; one 
end of the hanl is lifted from the tar, and by means of a capstan is drawn throDgh n sliding 
nipper or stjueezer for tbe purpose of squeezing out tbe superfluous tar from the yams. After tbe 
haul bos lam for some time, tbe longer the better, the four yams are separated and woand on to 
four bobbins by the winding machine previously descriljed; aud are than pusaed to the bobbiu- 
thuue ready for being twiBted into strands. Haddart did not make tbe yams into a haul previous 
to tarriug, but passed them from bobbins direct from the spinning machine through tbe tar, and 
tbenoe through nippers to tbe register plate of his registering machine. Tbe length of a haul is 
59 fiithoms ; it contains about Hi threads, and tokee about 20 minutes to pass throngh the saueeiei 
from the tar caldron, that is about 16 ft. in a minute. The tar used should be the beat Archangel 
tar, of a ^ood bright oolour, and heated to a temperature of 212° Fahr. Tha usnal preportion of 
tar remaming in the yarns is from one-qaarter to one-flfth of the weight of the untarred yama. The 
yams when tarred ought to lie of a bright biown oolour. 

The registeriDg machine, shown in ploa in Fig. 6747, is for the purpose of twisting the yarui 
*>tT. 
PUiTV of RegiatM^irtg MaehtTt^ 
iSf* (»*iJtZ7ig Affi^ jww g ap Or strtatdi, aiuL ymtdntn A^jovnd/ en, Oi I^vnu 





into a strand and winding the strand upon a drum as fast as it is farmed. The whole uuchioe 
revolves with rapidity on the horizontal bearings A, B, being connected with the driving power by 
a sliding friction-clat«h at B. The strand enters through tbe hollow bearing A, whidi grips it 
tight and thus twists tlie yams into tho strand by its revolution. Tbe strand is drawn in by the pair 
of drawing pulleys C, taking half a tnm round each, and is delivered upon the winding drum D 
by tbe gniding frame E, which is made to move from end to end of tbe drum by means of a stnd oa 
the frame working in a spiral groove cut in the barrel F. The drawing pulleys C. winding dnim 
D, and grooved barrel Fare all driven from tho spur-wheel O gearing into a stationary pinion Axed 
to the plummor-block in which the bearing A revolves. As each successive ooil of strand wound 
on the drumD incroaaes its dinmeter, an increased tension would be thrown on tbe sttand.a biction- 
clutch is therefore inserted at H in the intermediate shaft which communicates the driving nkotton 
from the drawing pulleys C to the winding drum D, In order to prevent the drum from overwinding 
tbe pulleys, the friction lieing ailjuBtcJ to the exact limit of tension desired in the strand. The 
guiding frame E, which delivers the etrand from end to end of the winding dram, vibratea on a 
centre at I, and its rate of travel is varied for different sizes of etrand by changing the worm-wbeeL 
J on the ujindle of the grooved Iwrrel F ; the universal joint K allows of the dnving worm being 
set at difffient inclinations for gearing into a larger or smaller worm-wheel J. 

Tbe strand made by tbe registering machine is wound off the drum D on to a loose reel, so that 
when transferred to tho drum of the spool-framo in tho laying machine it may lie the same way 
end for end as on the drum D, in which state it is ready for being laid into a rope. The length of 
tbe strand is measured by passing it over a pulley of definite diameter, to which is attaohed » 
counter with a dinl, indicating tbe number of fathoms of strand thnt have passed over the pulley. 

Fig. 6748 is a general elevation ; Fig. 6749 a plan at the top ; and F^. 6750 a sectional plan 
through the spool-Cnuucs 1 Fig. 6751 is a side elevation of one of the Bpool-framee to a larger acala 
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vbeela nod [diiloiu E aimilu lo thow at the bottom. The ntruid ii presKd tight Into the graore 



Ze^mq /^ufa/a far i 




iieBs required. The BtrandB para op through the holloir bearingB at the top of the apDol-bBmee '0 
and throDgb the pinions E, aud are curved orei the obliqno gniding roUori M, which are fis«d »• 
var7ii)g inclination* in isder to prevent the strands from slipping off. The three atraoda then 
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««t the centre, and are laid together into the rope bj the rsTolDtion of the machlDB, each 
nd being laid into the lope with the required amoant of forehard b; the aimiillaoMaa rotatioQ 



leaving J^uiune,. 
.Hr 'Itij/ay' hemp atnauU imo Rup». 



tna. 
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o*n spool-frame in the contrary direction to the maohmc. The (lewlT-made rope ia carried 
ird« to another oaohine, where it is atretcliad over and under lliree pullers drlveQ bj steam 
r ; and as it paBsea liata the la^t pullej it is oomproaaeJ by a lolltir kept against the rope b; ft 
K tteel spticg. It \» afterwards finally coiled away in a warehouse. 

Pn Bopti.—yiue ropes were used ns early as 1822 for the Bupporting cables of a auipellMon 
■fi at Geneya, and also for the Freihtirg SuapenBion Bridge of 807 ft. clear span, erected in 1885. 
vire topes in the latter rase. Fii:;. tiT53. are coDatructed of twenty bundles or strands of straight 
wire 0' 1Z3 in. diameter, stretched parallel, forming a rope 5} in. diameter, and bound round 
wii« at 2-(L intervals, 
beflnt Eormof wireropo regularly manufactured was known as sol vagoe, Figs. 6754, 6T55. It 
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conalBted of a Damber of hard or nnnnnealedwiTC8,orBbi>at ]2tol6irire^iige,oi'0'110 to 0*065 in. 
diameter, Kbiob wore Btretcbed parallel and bpnad ti^etber by a Boe wire of about 20 wire-gnoge, or 
0-036 in. diameter, wound Bpinlly uround ; af^r nhicb a parcelling; of woollen list wat elao wound 
round in tbeoontraiydirectioQ.wit)] the edges lapped so bb to cover Ibe wirea entirely; the rope was 
completed by a aerriceof lanod yam wound oo iu the contrary direction to the list. The method of 
making tlie rope nas Bimpl; to warp or stretch the wires at a anifurm tension over two hooka aet 
at the distance of the leDgth of lope required to be mode, passing the wires beckwardH and forwards 
OTcr the books as many times as was necessary to make up the nize required. A solution of india- 
rabber boiled down in linseed oil, with a mixture of ream and tai, was rubbed carofidl; into the 
body of the rope previous to bindini^ up, and after the binding wire had been womid on, the soln- 
tion was again applied to the exterior wires to prevent oxidation, the process of galvanizing not 
being practised at that time. The parcelling nf list was also uaturated with the solution, Qie yun 
being tarred as usual. The binding and parcelling were aiwajra dooe by hand, before the rope waa 
taken off the hooks ; but the service of yam was usuuUy laid on by a machine for that purpose, 
though occasionaUy also by hand. The method of attaching the fittings, such as shackles, thimbleo, 
and dead-eyes, was eitlier by forming an eye during the process of warping to receive tiiem, or bj 
inserting the end of the rope stripped to tlie wires into a nmical socket ettarhed to the shackle, and 
turning back the ends of tiie wires so aa to prevent the rope being drawn out. But mora genraallv 
the Uttings were turned in. that is, the end of the rope was doobled runnd and aetted or boond 
to the standing part. II will be seen that it wai very difficult to splice this form of rope, owing la 
the absence of twist or lay, 

Hopes thus made were exceedingly rigid and non-elaetio, bat possessed greater strength than 
any other construction ; in fact, the entire strength of the wire was preserved. The paioeUing and 
service added to the size, but not at all to the strength, l>eing inteuded only for protecting the wires. 

The machinery for making tliese selvagee ropea conaieled simply of the two honks over which 
the wire was warped, which were attached to movable posts set at the required distance asunder. 
The serving machine was a long wood trough, extending nearly the entire length of the rope- 
ground, having a revolving shaft at each end, with a hook at its extremity, and carrying a fast-and- 
loosa pulley, over which a driving band passed. The two serving hooks were driven at the same 
speed of about 400 revolutions a minute ; and the shifting forks of the driving bends were connected 
by a cord extending tbioughont the length of the ground, so that the workman could stop or start 
the machine at any parL An ordinary serving mallet was employed for laying on the yam, and 
was guided by the workman, who also regulated the tension, the jam being supplied from reels 
hung overhead. 

The next description of wire ropo was known aa formod rope, Figs. 6756, 6757. It oonalBted of a 
number ofeoft or annealed wires, uaually 

about 14 wtr»-gauge, or O'OHS in. dia- ku ■,.« 

meter, formed or twisted into a sttAod, 
but with little ot no regard to regu- 
larity; and four of these strands were 
laid into a rope, though this number was 
not always the seme, Tlie number of 
wires was varied according to the size of 
rope required, and occasionally the size 
of wire was altered to suit ciroumslanccs 
These ropea closely resembled ordinary 
hemp ropes in appearance. The twist 
oaused by forming the strands remained 
in the vrire as a permanent set, and the 
strands were laid together with an extra 
amonut of twist or forehard in each 
strand, which was necessary to keep the 
rope together. Little or no injury wiia 
done to the wire by this proceaa, owing 
to its Iwing annealed, and also from the 
length of the twist of the wires in cjich 
slruid, which was usually about 12 in 

pitch ; but it would be almost impna fna Slis. 

sible to use Lard wire in this manner 

The formed wire ropes possessed great pliability and some amount of elasticity; tbey wen 
readily spliced and Sited like ordinary ropes, and though not so strong as the aelvagee wire ropes, 
they possessed many advantages and were more easily introduced. The small size and soft nature 
of the wire used offered little resistance to exterior friction, and when employed as incline or 
running ropes they soon flattened and wore out. The irregularity with which the wires wer« 
formed or twisted into strands, frequently crossing and recrossing one another, and the great 
difference in the length of the wires, as wel! as the short lay of the ropus, amounting to only 4| in. 

flitch, materinily asaiatcd to deatroy them. Even when used simply as standing rigging, ttie wires 
requently broke, and the broken ends stuck outwania to the danger of the sailors handling the 
rigging; and to provunt accidents they were served with yam, like the selva^'Oo rope, afler having 
b^n wormed, that is, having a yum luid in between each strand so as to uitcr the shape to a round 

The first flat wire ropes. Figs. G758, G759, were composed of from eight to twelve formed atraada, 
with the twist alternately right and left handed, made of a number of fine wires usually about 18 or £0 
wire-gauge, or O-O.W to O'OaG in. din me lor. These strands were placed iu the position of the warp, 
in a loom of the ordinary form but greater strength, and were woven together with a shoot of sbong 
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onter cmiks on th« Bpool frame* B Fie. 6766, and in the diBgram, Fig 6768, and alM b; nb-cf ' 
ttituting oham wheels and pitch ohain. Fig. 6769. 

The loethod of jdmng the leogths of nires was In the flnt instanoe by twisting the ei 
together ; artervaras, m the manufaetiue of laid gtnjids, by tneking, that U cntting out the honpis 
core aboat 12 in. from the end of the wire that hoj mn out, aod inserting in its place the end iA.< 
the new length of wire : the rest of the wires are then laid ap on the new wire as a oon ' 
a length of 6 in., when the new wire it brought out into ita right place and the remaining 6 t 
the old wire pawed in aa the core, on which the laying is again continned till the end of the . . 
is reached ; the proper hemp core is then replaced, and the prooesB of lajing resmned u befoie. 
Some manoiaataren prefer to biaie or weld the ends of the wires together for joining the lergthi, —' 
wire as email as No. 16 wire-gauge, or 0'065 in. diameter, being welded by experieooed worionen 
bj means of a common portable forge. 

In Archibald Smith's wire-rope machine the bobbin-framsa and bobbins are placed one behind 
another all in the axis of the rerolring tcame, and remain stationary in that poritioa while the 
frame alone is made to revolve. 

Bmilh's machine is shown, Figs. 6770 to 6773. Fig. 6770 is a aide elevation of the cmtire 
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length of the mscliine. Fig. ffTTl a aide elevtitioii of one portion of the muditite, to ft U^er K»)e 
■nd tJMtlv in ■eoiion. Fig. G772 ii > tr»nave»e seotion, sod Fig. 8778 an end domtioa at Uw fWnt 
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The bobbina A, A, Fig. 6770, __ 

all ftmnnd ba a horiiontal line one behind 
another, in the axis of the reTolviDg fntme 
of the machine. The reTolvlaK imaia is 
oompossd of s number of diBo-wheelB O, C, 
fiajned together by three long bolta D, Viga. 
£771, 6772, poudng through bolea near the 
rdgee of the diao* and through strong iron 
distance tnbea with ooltarB at eaob end, 
wbirh are all turned RocnntolT to one 
length. Eight diaot 0: 0, Fig. 6770, vie 
thuB framed together hj the three bolts, 
and Mparated by the dlstuioe tubes, forming 
■even oompeutments of the mftchine, each 
oontaining a bobbin of wire A. The last 
diw ftt the back end of the machine forma 
part of a three-i^teed oone-pnltey B, by 
which the entire fnme i* maae to tstoIts, 
being inpported and steadied tideways st 
«TerT alteraste dlso br the three rollers F, 
Fig. 6772. The bobbtn-hunes B. B, are 
centred in the revolTisg diaee C, and have a 
weight Q suspended fium their nnder side, 
salient to overcome the friction of the 
beariBgs and present tbe bobbin -frames 
from revolving with the msehine. 

The front end of eeoh bobhin-frame B, 
Fig, 6771, has aboUow steel atod or nipple L 
mefnlly bell-mouthed ; and the beck end 
has a solid atad H. Each stud works in a 
boas cast on the disc C, bavinc a clear hole 
right throngb the oentre for the wire to pass 
thiough ; and the boas on tbe front side of 
the Sxi hsa a large gap J, for the wire to 
paM out from the eeotre. Tbe wire from 
each bobbin A, ebown bv the atrong block 
line, is drawn off throngh the bell-montbed 
stnd I and the centre of tbe disc C, and is 
then taken rouod the leading pulley E, 
Piga. 6771, 6772, which is Bled on the 
fmming bolt D for the norpoae of enabling tbe 
wire to clear tbe bobbin in the next compart- 
ment. The wires paai through holea in the •">■ 
disc C on either aide of the framing bolta D, 

aa in Fig. 6772 ; and on reaching the front compartment of tbe maehine, all the sis w 
ail bobbina A, Fig. ~~" • ■ ■ ■■ _ . ,, ., ^ 

hcilee in the front A 




'f>, are led round three paira of teoding pulleya K, and thenoe through tT — 
Fig. G773, through the laying plate L, Pig. 6770, and over the Uying top ^ 
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with the required number of scores or grooves for the wires. The front bobbin N, Fig. 6770, in 
the first compartment of the machine, carries a seventh wire to form the core for the six external 
wires, which is led off through the centre of the front disc and through a hole in the centre of the 
laying plate L and laying tap M. The tension or temper of each of the seven wires is regulated 
to the exact amount required by a friotion-brake O on the spindle of each bobbin, Fig. 6772. The 
bearings of the spindle in the bobbin-frame B are provided with spring caps, to facilitate changing 
the bobbins. 

The six wires are all brought together at a point immediately in front of the laying top M, 
where they are idl laid round the core by the revolution of the machine, the bobbins A remaining 
itatkmary with the exception of their unwinding motion as the wires are drawn off; each wire 
is thus laid into the strand free from twist in itself. The strand thus made passes between 
the nipping rollers P, Fig. 6773, which have a series of scored of different diameters to suit various 
sizeB m strand or rope ; tlie lower roller turns on a fixed stud, and the upper one on a weighted 
lever. The strand is then led half round the indicator sheave R, Fig. 6770, which has a counter 
attached to indicate the number of yards or fiathoms made. Thence it passes backwards along- 
side the machine to the draw-off wheds S, S, at the back end ; these are V grooved wheels of equal 
diameto', round which the strand passes in a figure of 8 course, being pres^ tight into the groove 
of the second wheel b^ the tightening roller or jockey-wheel T, which prevents the strand from 
slipping from any accidental cause. The draw-off wheels S are driven from the driving pulley E 
by intermediate bevel-gearing, with a change-wheel by which the speed of the draw-off wheefs is 
regulated in proportion to the speed of revolution of the machine, whereby the lay of the wires or 

S'toh of the spind in the strand is determined. The strand finally leaving the machine from the 
aw-off wheels is wound on a bobbin, ready to be placed in a second similar machine to be laid 
into rope. In this second machine the revolution of the laying apparatus is in the opposite direction, 
while that of the diaw-off wheels is in the same direction as in the first machine, in order to mske 
the lay of the strands in the rope contrary to that of the wires in each strand. From the second 
madiine the rope is coiled on a reel, or in case of its being a long length it is sometimes coUed 
down direct into trucks for transportation. 

In this machine, instead of the bobbins and bobbin-frames, which sometimes contain half a ton 
weight each, being carried round the common centre of the machine, sometimes describing a circle 
of 15 ft. diameter, and also rotating on the axes of the bobbin-frames once for every lay in the 
rope, the same result is attained without any motion being given to the bobbin-frames. This is 
an important advantage, because in course of working some of the bobbins are full while others are 
nearly empty, and in the case of the old machinery a great strain is thereby thro¥m on the parts 
of the machine from the variation in weight; while in the construction just described the 
eqidlifarinm of the machine is never disturbed. In addition to this, great regularity of lay results 
fiom the wire being free to unwind, and from the absence of the extra tension that was necessary 
to prevent the wire beinc disturbed when rapidly carried round in the old machine. The 
rtationaiy position of the bobbins enables the workmen to see what is going on, and no entangle- 
ment of the wire takes place, as is frequently the case in other machines. 

BOTABT ENGINE. Fb., Eotatoire-machine ; Geb., Dreh-Maachme ; Ital., Maochina rotatoria; 
8pah., Mdquma rotatoria. 

See Engdtes, Varieiies of, 

BAFETY-YALYE. Fb., Soupape de surety; Geb., SicherheUsveniH ; Span., Valvoh di sicurezza ; 
Spah., VdltnUa de aegundad. 

See Details of Enodibs. 

SAW. Fb., Scie; Geb., Sdge; Ital., Sega; Span., Sierra. 

See WOOD-WOBKINQ MAOHUrEBT. 

SCAFFOLDING. Fb., Echafaudage; Geb., Mstung; Ital., PonU, Castelh; Span., Andamiaje. 

SoaffoldSf Staging, and Gantries.-- A scaffold as used in building is a temporary structure sup- 
porting a platform, oy means of which the workmen and their materials are brought within reach 
cf the work. 

The most oommon form of scaffold is that used by the bricklayer. It consists of poles, usually 
of fir, from 25 to 40 ft in length, and from 6 to 8 in. in diameter at the butt or larger ends. These 
polea, which are called standards, are planted in a row at intervals of 10 or 12 ft, and at a distance 
nom the wall to be erected of about 5 ft. in the clear. To the standards on the sides next the wuU 
other poles called ledgers, placed horizontally, are lashed with ropes as the work proceeds, at 
intenrals of about 5 ft in height These support the putlogs, which are pieces of squared timber 
about 6 ft long, and from 4 in. by 8 in. to 4 in. by 8} in. in scantling. The putlogs are supported 
at one end on the ledgers and the other on the wall, a header or half-brick being left out for the 
purpose in building. Futlogs are usually placed at about 8} or 4 ft apart On them are laid the 
scaabld boards, which are about 9 in. wide by 1} in. thick. It is on these scaffold boards that 
the workmen stond, and the bricks and mortar are deposited. Fig. 6774 shows the arrangement 
of a bricklayer's scaffold. When the scaffold has to be carried to a considerable height other 
polea are lashed to ^e standards with ropes tightened by wedges. Poles are also lashed diagonally 
acrofls every three or four standards in the shape of a St Andrew's cross; these are called oraCes, 
and tibey serve to stiffen or brace the scaffold longitudinally. 

In buildings which do not admit of putlog-holes in the walls, as where rubble stone or ashlar 
fibcing is used, and which do not require heavy machinery for hoisting, or strong timbers in the 
scalfiMd, two rows of standards with ledgers are used, one row being close to the wall, and the 
other at the usual distance, so that both ends of the putlogs may rest on the ledgers. Scaffolds 
wach as we have just described are sometimes used for heights of 90 or 100 ft. from the ground, as 
in building church steeples and similar work. In the erection of houses it is usual to construct a 
•(aging a«>ut 10 ft square on the outside of the scaffolding, for the purpose of hoisting materials, 
and fiom which they are distributed for use. This staging is usually formed with standards and 
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ledgers in the Bame manner as the scftffbld to nhiob it i« eoonected. In Uie ematim of Imsb vocki 
in miuoiir;, the nuteruilB used being blockc of atone, frequently weighing BCTenl tnia, it !■ ' ' 
that a different arrnDgemeat 
ii required from that where 
the materials can be tilted 
•nd aet b; the hands of the 
worhmeii, as in the case of 
bricks and the small atoDCB 
need in rubble-noik. The 
mason theiefora uses, instead 
of a Bcafliild formed of round 
poles, one of equnred timbers 
of large scantling, which 
being too laiga to be la^cd 
with ropes, are fasttned to- 
gether b; bolts and dog-irons, 
and ore kept quite indepen- 
dent or the walls, putlog>holee 
as used in bricknork being z 
inadmissible. £ 

The standards were for- 
tnerlv planted in two rows. 
one being oext Ui the wall, 
and a bearded platfonn was 
oanied on the top similar lo 
the bricklayer's ecaSbld, the 
heav; stones being hoisted 
and set by means of sheara 
with blocks and tackle. This 
method is now almost superseded in large woika by a staging fonaed of sqnaied timben. In tbe 
same manner aa tlie mason's scaffold, bnt with only one row of standotds on each side of tlie waU. 
On these standards are laid the longitndinal timbers, which osually carry a line of rails on which 
■ travelling platform conlaining the hoisting gear cftn move over the entire extent of the bnUdiiDg. 
The standards and langitudiimJ timbers are made perfectly rigid by struts, disposed as in Fig. 6775, 
which is a front view of one tier of tbe outer row of limbeis. 

The standards A, A, are in scantling usually from 8 to 12 in. square, aaootding to the height of 
the scaffold and the weight to be supported. Thedistanee apart is from 10 to 20 ft. Corbel or cap- 
pieces B, B, are p1ac«d under the longitudinal timbers or runners C, C, to give the latter a better 
bearing on t)ie heada of the standards. Tbs runners C, 0, are nsuallj of the same scantling aa the 
standards ; but the strnts D, D, are seldom more than one-half the sectional area of the stuidarda. 
These struts nsualiy pitoh against a straining piece E, which is bolted to the under ude of the 
runners. The loner ends of the struts rest on cleats, and are secured to the sides of the standards 
either by iron spikes or bolts. It is desirable to have as few boit-holes as possible, and to avfMd 
notching, mortising, or otherwise cutting into the limber, ao that the detorioration in value at the 
completion of the work may be as little as possible. Therefore the several pieces are for the meal 
part put together with dog-irons, which are pieces of square or round iron about { in. in diameter, 
having the ends pointed and turned dawn at right angles. These are driven into the wood, and 
can be removed with little or no injory to it afterwards. 

The distance at which each row of standards should be placed from the wall will depend upon 
tbe general arrangement for conducting the works. In some cases a tramway leading fmm the 
quarry or stone depot is laid between the outer low of standards and the wall to admit ($ the stone 
being lifted directly from the truck on to the work. In this case a space of ftom 10 to 20 ft. would 
betequiicd between the standards and the wall. In other cases, as in the streets of towns, or where 
the space is limited, the timbers ore placed within a few feat of the wall on both aidea, and the 
materials are lifted at some convenient part of the work, over which the traveller with its hoisting 
gear can be brought. Fig, 6776 abows a section of a wall in progress with tbe travelling platform 
resting on the staging. 

To prevent lateral movement in the stnging.strnls from the ground, as F, Fig. 6776, are usoaUy 
fixed to each standurd. The lower ends of the struts ebonid always Ira fixed to foot- bloclca, as at G, 
by which ttiey are prevented from sinking into (he ground. A short pile should be driven at the 
outer end of the foot-block, which will prevent it from slipping. The usual practice, however, is 
that shown by Fig. G777, in which the foot.hlock is sunk in the ground at right angles to the 
direction of the strut. The choice of these methods will depend on the nature of the ground. 
Bometimes Ihe ends of the standards are framed with a short or stub tenon into a oontinnous Bill at 
timber placed on the surface of the ground ; this prevents tbe unequal settlement of the stand&ida, 
which would be letal to the stability of the staging. 

In the foregoing description the staging is snpposed to be in one tier only'; but Id buildinga 
which have to he carried to a great height Sie staging will require to be raised accordingly. This 
is usually accamplished by placing abeam of timber across the head of each standard, and prqjectiug 
some 9 or 10 tt. beyond it at rigut angles to tlie direction of tlie ronners on which it is nude to 
rest, as I, I, Fi^. 0777. This piece, which is called a footing piece, serves the same purpose aa the 
foot-block G, Fig. 6776 ; but instead of resting on the ground, it is supported by the struts H, H, 
Fig.G777. Thcsestrutsareusually in two pieces in order that the BtruteF,F, may pass betwem them. 

The standiinls of the upper tiers should always be placed directly over those of the lower tien 
to prevent cross strains ou the horizontal timbers. F^ C777, 6776, show the prinoifde genenJly 
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The term gantry is frequently applied to a Blmcturo of timbrr, such as ve have deacribed ; but 
piDiwrl; a emttj it * staging which carries a traveller onlj, ae that Bbown b:^ Figa. G775, 6776. 

Fig. ff7T9Ua traosTeraesectionBhawiDftthe artaugemcot of the timbers of a staging na naed in 
the ooDetractlon of bridges and Tiaducts. The width should be from 10 to :0 ft. more than the width 
of tbe bridge, and the height oC tbestagiog ia uauallj aboat the same a* the springing line of tlie 
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Huh. A line of nils is geDenJly laid cm each aide to admit of ■ bkvellar called a Wdlingtcm, 
vhioh u Bimilar to tbat ihown b; Fig. 6776, but with the addition of legs to make it clear the 
appef portion of the Btrnctiire over whiob it pamec By meant of thia tnTeller all materieU, what- 
ever their weight ma; be, oan be hoisted from the gionnd with the greatest facilitv, and depoalted 
in the position they are to occupy In the work. In briok atcbet or those of mbhle itone nuih a 
Inveller would not be rrqatred. 

Ut TiadnctB of great height a itaging, u Pig. 6779, la alao naed to npport the oentoiiiK. or in 
those formed of iroD the ginlera are pat togetlier on it That used in conatroctia g the land tabea 
of theBritoiuiia^dgeiiilSSO waaumilaTinprincipletotheBlagtagabownbyFig. 6779. When th« 
ardies are of oonildcMble ipaiii two or more of the aamet shown b; Fig. G7ra are required tot t&sh 
arch ; they are oonneoted W kaigitndinal timben or rannerH, on wbi(£ the nila ue laid atratted. 
Fig. 6775: (« when the diatsnoe between the aapports ia great, wroDght-iiou tte-toda ate used u 
for pnrlina. Where oentering haa not to be Bupported, or ii ' ' ' •---'•- ■ ■ - -- 

not pnt together Id poellioii, a simple gantry, ei^ 6777, 6 
requued. 




The aceflblding naed in the erection of domes and roots of oonaiderable spaiL aa tlioee Ibr lane 
railway itationa, la nothing more than a seriea of ataiidards with longitudinal timbera, and a plat- 
form on the top with diagonal braoea and strata between the atandajda, similar to that shown bj 
Pig. 6779. The emiDgoment or plan will of oourae rary aooording to the shape and extent of the 
bmlding. Whole timben are generally used for both etandards, aod rnnnera and half-timbera foe 
theetrntsandbtacai. The platform is usually formed of planka 3 in. in thiokne». 

Fig. 6780 reprteentt the moTable scaffolding and its circular track, oonatmcted by H. Lee and 
Sons, and employed in bnildiog Garrison Point Fort, Sbeemess. Thia traveller is 46 ft. high from 
rail to rail ; tiie tramway or track is of the ordinary kind employed for stone travel ; eitrenie width 
18 ft, length of sill 24 ft. The orene in the ordinary travelling crane need by masoaa and oon- 
ttaetorai the transverse carriage and crab are aminged in the uanal manner. The eoonomj of 
manual Ubonr in working cranes is a subject of much importance to the builder and oontraotor, 
eapeoially for heavv works, end much attention has been given to this subject Steam power has 
been long employed for the lifting and removal of heavy weights, and the amount of labour saved 
by the steam travelling crane, compared with the ordinary hand-labour mwiinB, is oonaidentbla. In 
many of our modem engineering operationB scaffolding has to be oonetructed to support a small 
steam-engine and boiler as well aa the crane and materials to be moved ; for it is often found eon 
venient to have a steam-engine and boiler with the driving gear Bupported upon the platform at 
-le eitremity of the tranaveise carriage, being flied thereto, and travelling with it, in a longitndinal 
— >'"" whenever so rennired. In Uiis way the steam power tmveU with tlie traverwng (•rriage^ 



directioi 



and does not require any longitndinal sbafta or bearings which is the case when a flied engine i* 
annoyed, the lubrioatitm and friction of the longitudinal shafting being also saved. 

Figa. 6781, 6782, show a sketoh of the staging lued by the oontractors, Lee and Sons, in the 
oonstraelion of the Admiralty Pier at Dover, in a depth of water of over 60 fL at high stirios- 
tides. Thia staging oarried a fair of travellera on rails S7 ft. 10 in. apart, and also two tramways 
of 4 ft 10 in. gauge for the trolliee which oarried the materials to run on, one being on each aide of 
the travellers. 

The staging was supported on throe rows of pile^ from 17 to 20 in. diameter, and aboot » fL 
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the dde. the esliamt-plpe being iitwted oppodte. Thii latter pipe torna two lepamta eonneo- 
tiooa At tlie top. with b aingle ooniiectiMi ti toe end Mcnied to the ooadenaer. Tlw aptmion and 

oontntction at thia pipe is afiected 

b; the itufflng Imx wen on the oo 



oondenaer. Uotion is imparted bj 
lerers oonaeded at the one end to 
links on eecb side of the conneci- 
ioK-rod pin ; the other end being 
in like mamier secured to the cross- 
head frbioh is connected direct to 
the sir, feed, sjid bilge pumps' 

Bide gnidcB ore sometimes need 
for the pump cross-head, bat ate 
not alwBfs used with short strokes 
and stiff sear. The injection- vslve 
is scoured below the ezhaost steam 
pipe, bettreen the condenser and 
the air-Teasel, the latter being od 
the diMbarge-cbamber. The finsl 
disoharge- water pipe is secured to 
the onteide of the chamber, and 
boratbencetothesLip'sside. The 



The connecting 
type and connection. The base or 
lower framing is similar to box- 
girder in section, also forming a 
portion of the condenser and Talre- 
chambers at the side. The ralve 
link motion is b(;t«(«n the engioGa. 
The means for starting, stopning, 
tad reversing, are attained b; a 
hand - wheel, worm, pinion, and 
IsTers. The cranks and shaft are 
in one forging, the bearings being 
flttod with E^ljustable brasses. 

Dott'iit TmnM-mginei. — The ob- 
ject to be attained by trunk-engine* 
is compactness of arrangomenC, 
with free space above the cjlindtrs 
and condensers. 

Figs. 6785, 6786, 




...Bngement of double traok- 
eylinder screw engines b; J. Peun 
and Son. 

The cylinders are secured to- 
gether on one side of the centre of 
the bull of the vessel. The trunks 
are double. tLat is, one trunk on 
each side of the piston passes direct 
through the front and beck ends 
of the cylindera. Tlie cross-head 
pin is connected by bolts and nals 
pasiiing through projections onst > 
on the piston and fiont trunk, the 
back trunk being a sepura'' ~~~' 
iug, snd secured by studs a: _ 

The connecting rods are of the 
ordinary single -ind kind, adjusted 
by securing bolts and nuts. The 
main frames are of cast iron, the 
caps of which are Secured in a line with that of the cylinder. The cranks ai 
weights secured to the back of each, thus producing a nniform motion. 



DC 



oonnterbaluoed t^^& 



The slide-valve adopted by J. Fenn and Son is the equilibrium double-ported. The friction ii^ 
here greatiy mitigated by a recess in the back of the valve, which encloses a ring and packing, tbaM 
outer side of the ring bearing against the cover of the casing, and thus excludes the full area of IhsM 
valve &om beiOR eijiosed to the action of the steam. 

The mode of importing the motion to the valve is by the ordinary slotted links and eocentrics. 
The valve-rod — when one is used — is gnided beyond Uie casing by a guide-box secured to tlio» 
main baming. When two rods are adopted, a cross-head connects them. The guidea m« above 
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The mode of raising Had lowering the liak is geaenllf by t, tod eoDoeeted to a lerer keyed on 
^M ahan : on this shaft is aeourad a quadrant gearing with a wono, the latter forming a portion of, 
^w keyed on, the staiting-nheel shaft. The connection of the lifting rod with the link u central, 
"the firm seeming to prefer this to any other position. 

The mode of revening is as foUowB ; — Mitre-gearing on the wheel-ibafi imparts motion to a 
:x<o(s4oTy box encompassing a peipendicnlar ecrewedrod, Lbe lower end of the latter being connected 
"to A lerer connlerbalanced at its outer extremity. A rod attached to this lever oonnects it with tLe 
Sink, and thus any motion imparled to the screwed rod is tranamitteJ to the litik. 

The snpply steam is admitted to the slide-valTO caaings through a separate bonnet or casing 
«otltainiag the expension-TalTe. The exhaust steam pascea through separate pipes leading from 
the cylinder to the condensers. The latter ia so arranged that the condensing and discharge 
«hsmbera for each engine are in separate castings, counectod at the centre by bolts and nuta. The 
^ODdenaeia are at the outer sides of this arrangement, or fore and eft of the hull ; the discbBrge- 
•ehajubeni being placed in the middle. The suction and delivery valves ere on the sooie level, 
adioTe the barrels of the pnmps. The feed and bilge pump barrels are cast with the oondensing 
chamber!. The valves are attached in euitable bozea, secured to the exterior of the cbambera 
fonnisg the lidea. Motion to all the pnmps ia imparted by rods directly connected from the steam- 
putOD* to the several piatonB and plungera. The iujeclion-valves are secured at the aide of each 
emdenser, opposite or oeyond each exhaust eteom pipe. 

Setura-acting Traiii-taginea. — Figs. 67S7, 6788. are of the return-acting trunk airpuicp Screw 

engine of B. Napiei uid Sons, Ola^w. The cylinders are attached together on the same side of 
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ling, spring, adjusting stnils and n .^ _, 

mMere, ie alxive th»t of tlie craiik-Bhaft. The motion— for tlie vaWe — la imparted by the ordinal; "^E 
■lotted link, etKeutric rods, and ao on. The poaitiun of the liok in at the iilde of the condenaer*. — ^ 



Tbegeer for starting, Bloppiog, and reyereingis a Bcrewedrod withaaliiilnit bl . ^_ ^ , 

motion from the band-nheel shaft being transmitted b; ujitre-gearing. The haok portion of tbe 
•liditig block —on the rod— is Sited into a guide secured tu the sideoF tho condenser, to prevent lateral 
dlaamngement. There are two band-wbeela, one on each side of the condeDeer, keyed on the 
weigh-shaft, which latter is supported on tlie coiuleoijer passing acmiB the top. 

Bj thia inrtiDular posltioa of tbe atartiug );car a maiimum length of eecentric rod is attadned, 
while tbe cylinders are secuied as near tbo orank-aliaft as the leiigtii of the stroke of the piston 
wUl admit. 

Tbe injerlion-condensers are Bitcd with ainglp-ncting pumps, so arranged that the ateam enters 
the ooDdcnsiug chamber at the troai end from the top, auJ tbe chambei extends midwHy abore the 
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r the pomp. Channels are fonned on each aide of the air-pmnp banel for the reception of the 
m-TaWee, which are inverted to ensnre a perfect drainage of tne condensed steun. The dis- 
pe-TaWes are secnred directly over those for the suction ; and as the bottom of the discharger 
ber is on a level with the top of the pump-barrel, a thorough discharge of both air and water 
Boted, transversely for the entire width of the disposition. The ii^'ection-water &Us through 
forated plate. 

he pluxiger or trunk is a cylinder, closed at the back end, and the adjustment of the oon- 
ng rod is thus effected ; — At the back, or within the end of the trunk, is secured a sin^^le eye 
within a small cylinder, termed the adjusting tube, forming a portion of the tru]^ projecting 
listance from, and equal to the length of the stroke of the engine. The securing end of the 
6 eye is bored throughout its length to admit a rod, the end of which acts against the inside 
I ^ Adjustment is attained by the outer end of the rod being connected to the extremity of the 
iting tube. The connecting rod is forked at the trunk end. The connection with the crank- 
B e&cted by securing bolts, brasses, and stop-pins of the ordinarjr kind, 
he supply steam enters the top valve-casing secured on the slide-valve casing of the engine 
Mt the Doiler. The expansion-valves are so situated to be instantaneously effective. The feed 
>ilge pumps derive their motion from the plunger or trunk of the air-pump ; and their valves 
[xkxes are at the back of the diBcharge-ohamber, fitted with the suitable springs and adjustable 
Mstions. The shifting valves are secured at the back of each air-pump ; underneath the latter 
Mssage from the condenser, by which a certain drain is secured. The injection-valves are at 
ide of each condenser, near the starting wheel, thus ensuring ready manipulation, without 
ivenienoe; the cylinders are fitted with the necessary relief and blow-through valves; and 
caters are fixed at each end of the cylinder. 
mgl4 Piston-rod Engimet^ by Humphry a and Tennantf Fig. 6789. — The cylinders are here 

6789. 
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red together on one side of the crank-shaft, and have double-ported equilibrium slide-valves, 
;ed at the back with a ring and gasket. The pistons are cast hollow, with ribs to retain the 
isite strength while under pressure. The piston-rod is secured by a nut at the back of the 
n. The stuflBng box is the ordinary kind ; the gland being adiusted by studs and nuts. The 
ioation of the piston-rod is maintained bv an oil cup, or chumel, encompassing the rod beyond 
packing gland, forming a part of the bush in the latter. In order to prevent the oil wasting by 
motion of the piston-rod, a stnflSng box and gland is placed beyond the oil-chamber, and thus 
omj of lubrication is ensured. The form of the piston-rod at the connection with the guide- 
ic is similar to the letter H on its side. 

Hie guide-block for the piston-rod is in halves, each portion being almost a duplicate of the 
r. At the under side of the block, below the piston-rod, flanges are cast ; and underneath 
9 is arranged a plain surface, termed the slipper or shoe. The line of contact of the slipper and 
block is at an angle ; thus it can always be adjusted by a stud and nut used for that purpose, 
section of the guide-channel is of a double bracket the under side being connected. The con- 
ing rod is of a forked form clasping the sides of the block ; the pin, forming the attachment, 
g: situated in the centre of the block. The whole is adjusted by securing-bolts over and under 
lock-pin; the strains imposed on these bolts are, of course, equivalent to that exerted on and 
nst the piston-rod, therefore the areas are equal. The nuts of the securing-bolts are prevented 
I coming loose by stop-rings, pins, and outside keys. The crank end of tne connecting rod is 
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semi-Bolid, adjusted by seouring-bolta, similar to those for the gnide-block. The brasses are dreular, 
retained by their contact with the secnring-bolts, and thus angular seats are obviated. Suitable 
flanges prevent lateral movement, and lubrication is obtained by the wiper and suspended can, as 
for the gnide-pin. The cranks and shaft are in one forging, of plain exterior, consistent with 
uniformity and strength. 

The main frames next claim attention. The main frames are of cast iron, forming at the base, 
between the cylinders and crank-shaft, a floor that is connected to the condenser in the centre of 
each bearing. 

The guide-channel for the guide-block is secured by studs and nuts, being a separate casting. 
Between the guide-channel projection and the supports for the crank-shaft a transverse connection 
of the fhiming tlu!oughout is introduced, in order to ensure a perfect casting. The brasses in the 
main supports are the ordinary kind, adjusted with securing-bolts and nuts. It will be noticed that 
the frames between the cylinders and the crank-shaft supports are raised proportionately to the 
preceding examples, but very slightly from the base line, at the connections with the cylinaers and 
the condensers. In order to redst the direct strain above the centre of the crank-shaft, a stay is 
secured between each frame to support the front of tho cylinders, and by that connection the 
requisite resistance against the side strains is obtained. Each of the main bearings is provided 
with oil-chambers and water-tubes— the latter being required only in the case of heated bearings. 

Return ConnecHng-rod Screw Engines, by MawUiay, Sons, and Fikdy Figs. 6790, 6791. — ^The cylin- 





ders are secured together opposite the condensers, each pair being situated at the port and starboard 
sides of the keel of the hiill. They are fitted with double-ported equilibrium slide-valves, the 
packing at the back beiuR of the orcunary Mnd, and having a communication from the condenser, 
which assists to reduce the face friction. The supply steam enters the slide-casing through that 
for the expansion-valve, the latter cadng being on tne top of the former. I^Msh casing is separately 
supplied with steam, so that an independent action is preserved. 

In order to preserve a direct action fxom, the eccentric, the slotted link is arranged to reet on the 
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Uock-plu when the link is lowerad. With aUde-TklTM of maximum Bie«, two rada u 
nch « which is fixed by nuts to a oroaa-head ; and bracket bnahea, wooted to the nuuQ fnms, 
(iHiD gmdoo, thiongh whioh the alide-rods pan. The link block 'pin ia •eonred to the ciow-head 
at the biok to retain a certain langth of eooentrio tod. 

For laiang and lowering the link, below the link, in tbe centre of the length of the main tmiaet, 
ii a wogh-ahaJFt. On this le fixed a double lever, to which at one extremity tB hnng a oountep- 
l>luue, and the other is conneoled to a Tertioal rad. Thli rad !h attached at the apper end to a 
namlj-pitched screwed rod, whioh pasBW thmogh or fits in a bosh supported in a standard, the 
litter bang aeenred en the ^de-valve casiug. The bosh Ibmu part of a mitre-piuion, which gears 
with another plnlm fixed on the hand-wheel ^laft On motion beiog imparted to the mitre-gearing, 
the doable lever, bv its oonneotioo with the screw, will be raised aod lowered. The connection of 
lbs tevsr with the link ia by a lod, tbe latter being attached to the centre of the length of tbe link 
at the one end, and to the lever hy a slot and pin at the other. Bj this oonneotion an almost equal 
action is imparted to the slide-valve, whether tbe link is raised or lowered. The podtioD of the 
itaiting platform is between the condensers, each engine having «eperate startiiig gear. 




The hand' 
B>eEaid»«hi 

Ths'Bialii 
IniadMiUa 



« sitnated directly ever the connecting rods, about midwaj of tbe length of 
toe other manlpnlatiiig gear being olose at hand. 

I Bie fitted with caps, bolts, and nnts. It will be Qotioed that the centre bame 
;, the oentral spaoe being provided for the spur-wheel which imparts motion to 
I. The onuifcHUiaft hi in one forging ; the oonneatiDg rods are singly conneoted 



Fig. 6792 ii the pUtD of sD ftmugemeDt of dai^e piahm-nd diraot-acting aogbtea bj J. md W. 
DndgeoD. Each umigeiiiont is Mp«nte, wtUumt ao; eonneoUon of the working portknw. Tla 
eyltDdera are the compound kind ; the nigh preeinre wittiin the low. Tfarao ^etoo-rode are 
leqoiied for enoh engine, the cetitie tod being ooimeeted to tlie high-pieeniK piston. The goide- 
oliamiela — below each piaton-rod, ootmeoted to the anntdar piiton — are the ordinarr kind, ariMigcd 
to receive Blippei-blookB. The crosa-bead U aeoaied to the plBton-red bf aata, and tamed on cawb 
■ide of the oenlrol cannection to receive the forked end of the connectiDg tod, whioh is of the 
T-end kind, with flat braaaes, cape, and Hecuring-boltB. The main fnme, onuik-shaft snpporti, and 
Uie conaeoting portionB are in one caoting, seonred at the back and to the ateam-crlinden. Tbs 
btBCBCB for the main bearinga are adjusted, at an angle, by the oidinat; aecnring-SoIta and can. 
The aiide-ralvea are doable-poited, to snpplj and ezlmoBt tlie ateam nmoltaneonilf bom the 
leepective c;lindere, one valve onl; being reqiuBite to each eneine. The Inrger cylinder ii donble- 
ported on each side of tbe eihaoat-port, and the paosagea, at t£e back and front end, oommnnieats 
with tlie high-preiBDM cylinder. 




The link is two solid bars, connected transversely at the eitretaities. The block ia inserted im 
a single ejo, which forms the eitremity of tbe valve-rod. Each bar of the link olaaps the blot^^ 
snitable recesaea being formed for that poipose. The eccentric rods are connected to the ontaides im 
eaoh bar, and secnred by separate pins. The lifting tod is connected, at the lower end, to the oenti* 
of the length of the link ; the upper end being altaohed to a lever, whose shaft is Bupported fai 
brackets, the latter being secured to the front of the oylinder. Motion is imparted to the lerer 
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^le ocodenMn, teen beyond the cylinileis, Fig. 6792, at the back of the same, ore the anr^e 
kind, nie motira nqniaite for the air and circalaling pompa, double luiting, is derived from the 
■tetun-^datooi. The eibanit steam entets the condenser at the top bj wtparate pipes, cotmocting 
wifli tho exlutnat-pMMgei on the evliuden. The supply steam pipe is placed almost ia the ceatre 
of the entile amngenHnt, pusiDg from end to ead, and thiu being oommon to each slide-casmg. 

The deed Kid buee pump* are worked by arms eecured on each aii-pomp rod. The ralve-boxea 
■re feenied kt the ndea of eaeh condenier, to fooilitata bcobbs tot inspection and repair. 




. ^_ , . IS by Day, BnmmerSj and Co. 

Oil tlie aid deration, whi<ji shows the valTe-hajidlea andstarti^ gear on the nght hand 
ik<ih>lt near tho floor line, the gear being tlie rack-and-pinion type with the racb 

... an iD^o to the lover of the weight-shaft, on which are seoured the two loTeis in con- 

itootim with the linka by the twin side rods. 

The pump-motion esar la simple, being the genaral leTar kind, with the nnul link attachment 
to the main arosB-head pin of the piston-rod. Above tliis ia the high-pressure valvfl-casing, with 
the sfa^TalTO casinK at the right-hand side, and beyond that is the outline of the cylinder, with 
the in£cator tnbing shown on the left-hand side. 

In the plan. Fig. 6794, is seen the receiver connecting the high and low cylinders an both sides; 
thv* i% bowerer, not rnnnh detail to dlieot attention to, because the two views oonespond. 
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I in detign and urangcment, ooDaiatin;; of a block fanned with tho rod, and & cap on the 
r hair, seoarsd by bolto and uata that also adjiui the wearing eorfoMs around the enwe-hetwl 

th« lateral adjiutniont of the working •nrfoces at the Bides a attained by screw wedges with 

■t eaehend. 




Ig, 8796 la the Mctional plan of the cylindeis, alide-Talvee, oaainge, and pistona, showing the 
TCT Ihftt oonnecla the high-pieasore and low-pressDra ojlinden ; and on the left-hand side ate 
mdenanr-pumpa and brackets, opposite to wliich is the fonudation framing, on which the 
»4uM* an Bopportad. The allde-TalTa of the high-preesnre cylinder, Fig. ffldl, is single- 
id, with no extA cnt-nff Talre at the beck, the grade of ezpaosioD being attuned by shifting 
Unk4iottoD. The slide-valTe of the low-pressure is doable-ported, or eqallibrinm donble- 
d. The e ios a heada are shown complete with the block-bead in section, as also are the 
bad ihaft bearings and the lower frame beuers. Fig. 6798 is the sectional plan of the 
(BMT and main Erame; the ail and circulating pumps are also in section, to show themunber 
> pistoD-nlvet in theoneeaseand the discharge-rslTes in the other. The sections of the main 
. __i _._>_. ^ clearly explain its form and the necessary ribs to obtain the requisite 

}f these engines, which are of SOO horse-power, and were built 

.. , ^ Bw steamer Liffey; — Nominal horse-power ooUective, 300; 

/ hjgh-pieasnre cylinder, 36 in. ; diameter of low-preseure cylinder, 72 in. : length of 

a^ilLS^.; dianetei in air and circulating pnmps, 30 in.j diameter of feed and bilge pump*. 



w lidlowing are tlie dimensions of tli 
ke Bonl Mail Company's screw 
dec of hjgh-pieasnre cylinder, 36 ii 
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btCTtON, 

each propeller, 4; pitch of propallor, 19 ft. nniform ; number of boilsra, 4; 

□val, 14 fi 3t in. high x 10 ft. 21 in. wido ; length of boilera, 8 ft. 5 in. ; total nmuber of tnbes in 
Eill boileiB, 8G4 ; tot^ heating anibce in all boilers, 5005 aq. ft ; total nnmber of fnmaceB, 12 ; t jM 
of total number of furoacoa, 186'7 eq. fL; size of funnel, 6 ft. diameter; load on safety-ralTe, 60 lbs> 
the square inch ; pressure in boilow on at full trial power, SO Iha. ; Tacnnm in oondenaer on triAl 
at full paner. 'iS in. ; average reTolutiona a minute on trial at full poirer, 71 ; arera^ indica.tod 
borse-powor, both engines, bigh-presBure ojlinder 754, low-pressure cylinder 806 — total, 1560. 
Table I. — Ateraob Conbvhption of Coal, to eaoh Ixdioated Hobsb-fowkb Alt Hodb, bt Bixuc B*" 
WITH CouFomfs Enoibes in Loho 8>a Votaoes. 

CUis A ODmpotiDi] Qigiaa iilUi one HIcb ud «i» Lov pnanu* mtloil CiKaitt, ntniSag two ennks it riKht uitoa. 
p B „ „ Iwo „ two M IncUncd (^Uild«n, „ two ^ oppoiltfl eactk othir. 

. C „ _ tm „ two , terOmi „ . two . Hrl^(uiBlc(,i7Uidr« 

» E „ . (wo „ two „ TcrUcal „ . two , at right Mtfai,qa»*i* ' 



Hlghcjl Low cjL b 



Average Oonsomption of Goal, Ibt. each Ind. R. P. an ham, 9*11 
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18 
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3-50 
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65 
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3 
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3-75 
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56 
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8 
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24 
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1110 


6 6 300 


306 


60 


5661 


1422 


7,083 


23 


3 


12 3 


16 


-81 


18 


3 1 


924 


6 9 


3-75 


279 


60 


6122 


856 


6,978 


8 


2 


13 4 


18 8 


81 


12 


3 3 


840 7 6 


3-62 


228 


60 


5959 


968 


6,927 


13 


2 


13 3 


18 


'87 


12 


3 3 


868 6 6 


3-50 


234 


55 


5060 


1150 


6,210 


12 


2 


12 7 


17 1 


75 


12 


3 


868 


7 


3-25 


216 


60 


5164 


902 


6,066 


24 


4 


12 


8 11 


•75 


12 


3 


876 


6 


3-00 


180 


60 


4042 


1026 


6,068 


2 


4 


10x13^0. 


9 5 


•62 


12 


2 10 


600 


7 3-50 


187 


52 


3850 


1158 


6,008 


3 4 


10x13} ft 


9 5 


•62 


12 


2 10 


600 


7 1 3-50 
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Ttblta L, IL, Htd I£L, girlng varknu p«rtlaiilMS rel»tii]g (o oomponnd engine*, Bre token from 

. —•-nestingjieiper te»d b; Fiedk. J. Bnunwell, befive the Init. Meohaaiokl Engineen ir 
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Sttam-LmauA Scrta Engina. — Steam I&nncbee are used in ^^"^ °f O'e twelve or iiit«en OAred 
bosta tlut were formerly employed ai tender* to men-of-war. The row-boati were propelled at the 
zateoCabont Tmileaui houi.bDt the ateam lannch nam 12 tnilei an hotu with eaae. The boilers 
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HBsdirith steam laoncliM are ngiuIlT of the looomotiTe clftM, and the mgloM TertioftL dtlterM 
to tbe ahell at the flre-boi end or to the nnoke-boi. N. P. Bnrgb hanng to deilgn iKmoh m 
for MaltMs serTJce, has ignored the nBoal BRiuigementa, and placed 
the engines at an anf^le under tlie smoke-box, tbiu makiog the lan. 

mpport for that box the securing plate for tlie engines. The illos- 
tratiotiB, Figa. C799 to 6B09, show t. side eleyalion of Bnrgh's 
engines, aoctions and complete yicws. The arrangement oonBists 
of fonr cj-lindfra, each pair being in one cssting, and eeonred lo 
the box support plate, as in plan Fi^. 6804. Fig. 6805 is the end ' 
elevation, and Fig. 6806 ahowa sectiona through one cylinder, and 
also through the slipper gnide bracket. Fig. GS07 is a skeleton 
arrangenient of the lefer-goar tor the blow-throngh cocks, show- 
ing that one hand manipnlatM the entire set One of the Im- 
firovcmeots Burgh introdneed was plneing the sapply Bteam pipes 
aside tbe boiler, and forming the atetun-cocks with doable biBnobes 
for that pnrpoae, aa shown in section and complete views bj Figa. 
6808, 6810 ; after the pipes passed ^trough the boiler they were 
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curved down on each side of Ibe flame-tnbee in tbe smoke-box, Pig. 6S09. To maka this Bmnge^^^^ 
ment fally understood we have illastn.ted its eppUcAtion in a lanikcb, aa shown in four Tiei(«^""^ 
Figs. 6799 to 6802. 

Bee Marine Enoinx. Btitiohary EHome. 

8CBEW-MAKING MACHINE. 

Figs, G81 1 to 6815 refer to a machine for turning and nicking the heads of joiners' and otheci^^^ 
wood Bcrewa. The niBcbine has been brooght to its present form through a number of inRcnioaa-^^ 
combinatioDB, but the moBt important fcatnro about it, the feeding arrBUgement, and the method o--^^^ 
driving and slopping the spindle, is the invention of Wm. Avery. ^r-— ■ 

Fig. 6811 is a front elevation; Fie. G812, back elevatioQ: Fig. 6813, plan with tlie V troi«gk::*_r 
for holding the hopper or rough screw-blanks, drawn ia dotted outline only, to show the meohaniiic^*^^ 
below more clearly. Figs. 6814, 6815, end elevations. _ 

The Bcrew-blanks are formed from wire of tlie size required for the body of the Borewa, In M^^^ 
heading machine, into which the wire is fod by an intermittent motion thrangh a die. The Hire \»^- — ? 
then out off to tbe required lenglh, and the short length held la the die has a heed fonoed cm i''^^^^ 
by the wire being pressed into a conical recess in the die by a plunger ; or if a rcee bend ia to h«^^*I 
formed, the recess of corresponding shape is formed iu the plunger. The blanks thni prodooed lisi»"V*' 
burrs and irregularities on the heads, which it is one of tiie obieats of the machine illnsbated t*-**^ 
remove by a taming process. The fiirniatioD of the nick across the head for the sorew-driTer is alaiC7 ^ 
effected in the same machine. 

The screw-blanks are taken from the heading machine, and after oanealing, when thkt la neoa»- ' 
sary, ara thrown loosely into the bopper or trough a. The machine being set in motion, > foA or 
picker-up b is caused by tbe f^ame c, operated by the cams d, r, to vibrate forward and dip itf 
points down into the irregular mass of screw-blanks in the hopper, tilting up as it goes b«ek, aa in 
Figs. 6811, G812, corlnin of the scrcw-bhinks being caaght with their stems between the bladoi tt 
tbe fork and suspended by their beads. The fork b is then brought back so that tti hindv pait 
cornea in line with a pair of curved oheeka /, forming a kind of railway down which tbe '''f"'fci dida 



SOBEW-HAKQfG HAOHINS. 2857 

ftom the folk, wliksh, It will be aetm, is thna the feedioK fnatrumBot It is Arranged to Mt cmoe only 
fis BT«7 two or thrae MMw-bluibB tamed and nieked, u it gensrally pioka np Mmal blaoka at 
caoh morament A* tbe blanki are aliding down the oorred railway /, the lowermoet blank drops 
in a boiiiontal pcaitinn between the jawa of a pair of yielding nippma g, and ie there held until 
n^nired. It It then leizad by another pair of nippers h and nv>Tea downwards, BtiU b^g held 




Itariiontally, ont of the grip of tbe flist-uamcd nippers g, and brought oppoaite to the end of a 
molTing (pindle i, fumiehed with holding-jawa or chuckt t. The ipindle t being stopped for an 
iiuiant, and the jaws having been opened to liberate the blank last flniahed, Ihe plain end of tlie 
new blank it thnut by a flnger J into the j»w>, which then close, tlie nipp^ h retire, and 
tha qiindle and blank are Mt revolving ; a book-Btay la brought op losuppcfft ana steady the blank 
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•Dd ootter m. Thii cntter U fixed Into the oaollatiug tool-rMt ■, and i* idMfed to witt ha hsad to 
be tvnfid. It u applied gnuItuJl;, end the bead im^hl; tamed, &Aei whioli tba ontttc ■» u with- 




drewn, tlie spindle i, wiUi ila perUy-tniiied blank, HtoppL-d, and a brake applied to prevent thtit 
revolving, wnile the reTolvitig aav o is brought fornaiil b; the lovers p, g, r, and canu s, t, and cat* 
the niok in tlie head of the blank. Whoa thU is done, tbo saw rebeati, the apindle and blank 
revolve again, the culter m ia brona;ht np a second time, but, nitb a alowei Teed, and the bnrn 
left bj t)ie mcking saw are removed, and the head geuerall; smoolhei! aad finished, the spindle t 
stops again, tlie jaws or chncks open, and at tliat inetant a pair of discbarging fingers u on an 
oacillatiug arm v are moved forward to seize tbe^iahed blank : sidewise, to remove it bma the , 



reoeivisg vessel beneath. 

The whole of the motions above described are self-scting, so that after the rongh blanka aN 
thrown looeel; into the bopper or troogb a, they are not tonclied by the opetative notil they an 
removed to tbo worming machine, where the thread is cut. 

In tbo wonniog machine, similar mcana are adopted to feed tlio blanks into the mtohiiM, and to 
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of two olasBes of masonry or two kinds of material in any reservoir or sea wall is the ineqroality in 
settling down. This inequality weakens, or in the w<»st cases destroys altogether, tiie cohesion of 
the hacking with the face of the walL All stmctores of this nature should he homogeneous, and as 
fur as piacticahle monolithic. For this reason, sea walls have frequently been constructed whoUv 
of blocks of concrete, and when the concrete has been properly proportioned and prepied, such 
walls are superior, in resisting qualities, to those constructed of rubble fiused with block-m-oourse or 
ashlar. But better than either, wherever the conditions are suitable, inasmudi as it fulfils per- 
fectly the two conditions of homogeneity and monolithicity, is the employment of concrete in mass 
for the whole of the wall. Concrete used for this purpose should be strong, and for a depth of 
about 6 in. from the face should be composed of fine graveL This gives the fSace a oetter 
appearance, and enables it to withstand better the corroding action of the waves. In some exposed 
situationSj it may even be desirable to slightly increase the proportion of cement in tliis fiusing. 
Where shmgle or gravel is readily obtainable, walls may be constructed in this way at half the co^ 
of masonry. 

When a sea wall is required to stand alone, that is, when there is no earthem embankment 
behind it, it must be proportioned like a reservoir wall, the conditions being similar. But in the 
case of the sea wall, we have an additional force to take into account, namely, that of the wayes, and 
additional strength must therefore be given to the sea wall to render its stability equal to that of 
the reservoir well established under similar conditions. It is difficult to estimate the force with 
which a wave strikes against a vertical sur&ce, but it is in all cases 
great. As it is delivered in the form of a blow, it takes efifect in 
ue most violent manner possible, and to render the wall capable 
of withstanding the shock with perfect security, the proportions of 
the reservoir wall will have to be considerably augmented. It is 
usual, in the latter case, to make the thickness of the wall *7 A, 
*5 A, and *8 A at the bottom, middle, and top respectively ; h being 
the height of the wall. In a sea wall, the conditions vary so mvum 
that it is impossible to lay down anything like an absolute rule ; 
but for exposed situations where a good foundation may be obtained, 
ihe following may be relied uj)on as giving a minimum expenditure 
of material with ample security. Let A be the depth of stiU water 
in ftont of the wall at high water of spring tides, and A' equal to 
1*5 A. Then the thickness of the wall may be A, '75 A, and *45 A 
at the bottom, at half the height A', and at the height A' respec- 
tively. The portion of the wall above this height, u any, should 
be carried up with the same batter. Fig. 6817 represents tiie cross- 
section of a wall proportioned by this rule. 

In unexposed situations, where the violence of the waves is not 
great, or when backed with earth, and especially when the wall is a monolithic concrete structure, 
the proportions *7 A, *5 A, and *3 A, taken at the heights above indicated, will be sidficient. 

A taW investi^tion of the pressures to which this kind of wall is subjected, and a description 
of the man ner of its construction, will be found in the articles Damming and Betaining Walls. 

SEWING MACHINE. Fb., Machine a coudre; Oeb., Nahmaschme; Ital., Macchina da cudre; 
Span., Mdqmna de ooser. 

See BooavMAKiNG Maohinebt, p. 496. 

SHAPING MACHINE. Fb., Machine a limer ; Geb., Feilmaschine ; Ital., Pialktta; Span., 
Mdquina de taUar. 

See Machine Tools. 

SIGNALS. Fb., Signaux des chemins de fer ; Geb., Eisenbahnsignale, 

Railway Signals. — In considering the means to be employed for directing and ensuring the safety 
of the traffic upon railways, it became evident that among other things some plan should be devised 
for giving instructions and information to drivers and guards of trains as to the state of the road in 
advance of them, or of the nearness of a preceding train, so that the speed and progress might be 
judiciously regulated ; the plan ultimately adopted as most suitable was that of the mec^inical 
contrivance known as signals. 

Signals chiefly consist of variously shaped boards, painted a bright red colour on one side to indi- 
cate danger, and in some cases green on the 

other to indicate caution; these boards are *^^®* **^*' ^^'®* 

fastened to a pole or mast attached to a post in 
such a manner as to admit of their being turned 
round, raised and lowered, or otherwise altered 
in position so that in addition to representa- 
tions by colours certain movements are made. 

In most cases the eng^eers or the traffic 
managers arranged their p^irticular system of 
sigui^, fixed or portable, without consideration 
of those used on other lines, and the natural 
result is that the forms and systems in use are 
considerably diversified ; the first railways had 
signals placed only at the principal stations 
and junctions, the intermediate portions of line 
were regulated by policemen who had certain 
beats assigned to them, and who gave manual 
signals to the drivers as necessity demanded ; danger was indicated by facing the approaching 
train and elevating both hands al>ove the head. Fig. 6818 ; the go slow or caution signal was given 
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On the Hull and HolderneBs line the tunaoB were moyed upon a pin placed in the centre of ita 
length, FigB. 6829, 6830, and a similar method is adopted in sitnationB where there ia little room or 
where masts cannot be erected, as npon the London ondevcroond railways, Figs. 6831 to 6893, and 
Victoria Station, London, Chatham, and Dover Railway, ^gs. 6834, 6885. 
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The fixed signals formerly in nse on the Great Western were red and green flags stretched upon 
semicircular hoops attached to a maat, and drawn open and close by means of cords and pulleys. 
Fig. 6886 ; these were abandoned for the cross-bar and disc painted red. Figs. 6837, 6^8, and 
Csuitail painted red on one side and green on the other. Figs. 6839, 6840. The down line croas-bar 
is distinguished from the up line by having two downward ears affixed to the ends of the bar. 
Junction signals have double discs and cross-bars. Figs. 6841, 6842. Tbe fantail signal is con* 
siderably bwer than the cross-bar, and is principally used for giving the caution. Fig. 6840 ; the 
danger is shown by Fig. 6839. The cross-bar and disc form has oeen proved to be the most clearly 
discernible at a great mstemce. 

The Lancashire and Yorkshire Railway has spectacle discs fixed to masts which turn round. 
Figs. 6843, 6844 ; similar discs for distant signals are used on the Brighton line, but instead of turn- 
ing round they are made to rise and fall by a balance weight on a short lever, Figs. 6845 to 6847. 
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The distant eignalB of the Midland Bailwsy oonMst of a reotangakr boitd painted red and 
afOxed to a turning poet. Figs. 6848, 6849. 

Oiroiilar and square diaos are used on the North-Eastem Bailway, Figs. 6850 to 6858. 

The original si^^nals of the South- 
Western were semi-discs placed on a 6854. esss. esft. essT. 
pin within a ring, Fig. 6854, and 
capable of revolving by means of ropes 
and pulleys ; those for the station and 
distant liave the disc fixed to the 
ring, Figs. 6855, 6856, the mast being 
turned round. Branch-line signals 
have a wide green ring fixed round 
a lamp below the ordinary disc. 
Fig. .6857. 

The forms of special signals are 
as various as the general ones ; the 
following exhibit a few examples ; — 
Fig. 6858 is a semaphore on the 
South London line ; Figs. 6859, 6860, svo^ 
are used at the Broad-street station iotm 
for starting trains ; Figs. 6861, 6862, 
at the Camden goods shed. Chalk 
Farm; Fig. 6863, a signal on the 
Blaokwall line ; Figs. 6864, 6865, on 
the Brighton and South Coast. 

Foot signals and lights attaohed 
to points to indicate their position — 
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are extensively used and variously 
constructed, principally with small 
discs ttflixed to tlie top of the lamp, 
and which turn with the throw of the 
points, Fiffs. 6866 to 6868. 

Several Unes have adopted a plat- 
form starting signal, in most cases 
oonsisting of a miniature semaphore, 
worked from the cabins, and fre- 
quentlv hi connection with a main 
mgnal beyond and outside the station. 
Where tiiese are in use manual sig- 
nals are pohibited, and no driver 
may start his train until the arm is 
lowered. 

Many branch-line and other Junc- 
tions have the points attached to 
an indicator, the invention of John 
Stevens, in 1862, Fi^. 6869 to 6871, 
when they are not mterlocked with 
the main sig^nals, so that the drivers 
may see at some distance whether or not they ore properly set. The points must 
the rail to admit of the green or white light being seen, if the white light shows, 
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RIGHT TOR 
MAIN LINK 



RIOHT FOR 
BRANCH LINE 



for the main line ; if the green, it is clear for the branch ; and if the red, the points are not in 
a position far either line. 

Among the early attempts in signal con- 6869. 6870. 6871. 

stmction, three may be noted as possessing 
some noTelty. In 1838 a disc signal was 
in use at the Vauxhall Bridge, Birmingham, 
the inYenti(m of a Dr. Church ; it was oon- 
neeted to the points and stood about 5 ft. 
high ; two discs, 2 ft. in diameter, were fixed 
<m the top at right angles to each other, 
and surmounted by a lamp showing two 
red lights, one blue and one white; the 
diacB were painted with colours to oorre- 
spend. In 1842 0. Hall introduced a 

2rstem on the Great Eastern line; the 
gnal consisted of five leaves placed in the 
shape of a fan on a mast, and coloured 
yeUow. green, red, and white. Figs. 6874 
to 6876; each leaf indicated the time a 
train had passed it ; a green post was fixed 
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at the side of the line 100 yds. in advance of the signal, beyond which no train was to past if the 
fisn exhibited the red leaf ; a green and white striped post was also fixed at a mile beyond the 
signal ; and if the fan showed the seven or nine minute colour when passed, the driver might put 
on moderate or full speed on reaching the striped jpost. These signals were in use several vears. 

On the Greenwicn Railway plain posts were fixed to each road at half a mile on eitner side 
of the junction, on reaching which the driver opened the engine whistle, and the switchman 
notified by hand-flags which train was to proceed on to the main line. 

The construction of self-acting, or rather train-actuated signals, has claimed the attention of a 
very large proportion of inventors of signals, but very few systems have been tried, and many of 
those were found practicsdly imreliable and thereforo useless. 

Whitworth's signals were used on the Brighton line, at some of the tunnels on the Lancashire 
and Yorkshiro, Whiston Bank, near Liverpool, and several other situations. In 1858 Baranowski 
obtained permission to test his automaton distant signal between Hackney and Kingsland, on the 
Korth London line. It was set to danger by the passing train pressing down a lever which actuated 
the mechanism of the signal ; and when the train reached a distance of 1100 yds. it pressed down 
another lever, causing the danger signal previously set to be released. Although many hundreds 
of trains successfully worked it, its failure on one occasion is supposed to have caused an accident 
which led to its being removed. 

The Midland Company erected an indicator at Eegworth in 1863, Figs. 6875, 6876, showing 
the time a train had passed up to fifteen -minutes. It was set in motion by a treadle being 
depressed by a passing train. At the expiration of fifteen minutes the pointer roturned to zero. 
This signal was sub8c<]^nently removed as unreliable. 

So soon as the few mventions at all trustwortliy for locking signals and points had proved their 
advantages over previous systems, they were rapidly adopted by many of the railway companies. 
It would be impossible in a limited space to explain and illustrate all the devices proposed for 
working these signals ; but the following examples, among many equally good, will convey a clear 
idea of the methods introduced and in work. 

Fig. 6877 is an example by Stevens, in 1854, for giving the three semaphore indications by one 
wire. A is a weighted lever connected by a rod with the arm and lamp. The lever is actuated 
by one of the levers B or 8, and the wire and chaiu connection /. The drawing shows the signal in 
its normal state. 

8 u 
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Tbe caution signal is thus produced. The Icrors R, B, mnit be moved to the porition B' &\ 
lifting the lever A to the poeition A', where it will be retained b; the stud fiied to apiMrataa on 
tiie lerer A. nhioli ie brought into [loeitian by the itud d ou the bihbII lover. When the nll-right 
B'gnal is to bo friven the leven It, S, most bu Btill further moved to the poaitionB K', S*, wfaioh will 
Bimilarly move lever A to A', with its sbortei' end resting on the stop E, when the appaimtllB maj 
be returned to its original pueition. To givo the danger signal the stod on lever A during the 
return niorement pe«see over the aurfaoe c> on lever c, tbe level A being meuiwhile supported 
by projection 3. 





luting on (he ntf het-wheel.whichi 
retained inposition bv tlie woigbtea 
lever 8, This lever hse a pawl 4, 
which takes the teeth of the ratchet- 
wheel, so aa tb re til in it in ita posi- 
tion. When pulltd over by operator, 
U is a chain connecting the lever 
and pawl in order to release the 
pawl for the return movement. 

Figs. 6ST8 to 6881 illustrate the 
invention of F, Brady, Engineer to 
the Sontli-Bostem Railway. 

Fig. 6880 is an end view of tbe 
apparatus. Fig. 687!) ts front rle- 
vation of the same, n, a, are the 
two point levers of fha main and 
branch lines; i is a lever which 
works both the points of the cross- 
over road ; c, c, are levi:rs connected 
with the several a^^als, having the 
name of the signal or point written 
upon them, d' to <P sre horizonlnl 
spindles, on which llie lockingaxes 
the ponilion they orcupy win n tlic 
signal levers ' there iire i"iiiletl bii 
mcuDS of ahocs, iu which the shui 




I c", are fixed. /, /, are the moving cranks. They arc t-hown 
iiaiii lines are open and tiic branch closed. To caoh of tl 



•1«17* panllal to tl 

taaUl Bxea act !□ the dnwing the aigBAl levers n 
nrfnt leT«n are aJl l^eo. If the bailing piHiit 
uuta i« moved from ita pt^^nt poeition to a pod- 
HoB to mit tndtu oommg from the branch on 
to the main lioe^ It, In muMii of links oonnoct- 
ing It with the arms /on the axee iP, if, cnusca 
thsM taat partiallj to rotate, and in bo doing 
it remoTea tha looking aiti from the linlu i^ of 
meh of the branch lignale as may then be 
lowered, whilst at the same time it muTes other 
looking axes, c, in front of the links c*of the 
main-line sigiuil levers, which require to bo 
held at danger. In a simitar way the ^ing 
point lever, wheu moved over to suit trjins 
entering on the branoh line, gives moUon to 
the axes tP, if, and bj means of the locking 
axes upon thwn nnlooks such of the branch 
signals OS may require to be lowered whilst it 
locks any of the main-lino signals which re- 
quire to ba then maintained at danger. The 
point lever b of the cross-over lotul when moved 
orer cIohcs both the points of the croes-OTor ^ 
nwil. Mid at the tune time cause* the oxSii ifi 



la standing at (Janget, 




TbiB system is spplicftble at jnrtclions where 
^ greater number of point levers is rtqnired, each 
jxSnt lover In the manner described t«in^ caoaed 
to give motion to a separate axis or aiei, with lock- 
ing Kxea thereon to lock and free the signal levers. 

Figs. 6882 to 6892 were introduced in 1867 by 
Bkxbj and Farmer. 

Rga. 6882, 6883, alao illnstrate a method of 
aotoating r«)eating signals when the distant is too 
fiir to be Tisible to the signalman. 

Tba signalmao, working in his box upon the 
distant signal lever, sets a wire In motion, one end 
of which u ixmnected to the apparatus in the box, 
whilst the other is fastened on a cam /, the peri- 
phery of which is shaped to eorrespond to the duties 
MHgiied thereto. This cam consists of a pulley or 
ndler f, npcNi which bears the chain p, and the 
wheel prnier /, on the flat portion of the ciroom- 
frrenoe of^tbe latter boors a small roller connected 



and by the partial levolntion of the wheel / tlie 
oraoked lever A is acted upon, end one arm of this 
lerer aots b; a rod upon the semaphore or lompe. 
SappOM the cam-wheel tn deecribo a limited arc 
of a circle, the sigDoI denotes cuntion, and the 
chain p may be pulled as soon as the sigiml has 
spoken. 

If the lerer in the box is closed, and the Hi^nnl 
deootes danger, the weights 8 cause the cam-nLcbl 
to tnro, being attached to the circa mfeioncc of the 
pnllsy K, which revolved freely on the axis ■', and 
to maintain the distant sign^ils at danger as a normal 
condition, tlio palloy i ie famished with a ring, pro- 
jecting ujiuu its side, upnn which beam the axis of the Icvur fi, and by the action of the w 
Ihe danger position of the somaphoro is preserved, as the lever A can act only if the uxii 




leTer A U dfeplBoed by tbe motion of the wire j>. 
ftud repeater Bignala. 

FEgB. G884 to 6887 ebaw » pUn for » rerUad 
in cases where there mny be little 
reom. In this arrangement the diclei 
and locks gi>e way to dreutar slop- 

i'latea A B', A B*. one of which is 
utened to the bottom of the verticil,] 
■baft R, moved by the point levet 
No. 8; the other upon the hollow 
shaft m, encloiiDc; n, and moved by 
the point lever No. 3. These two 
point levers describe here areas of 
circles in a horizontal diiection, as 
will be easily nndenttood, and the 
rods W'lrking the points thcmaelveB 
are fitted to the bottom of tho solid or 
hollow ebaft respectively. The cir- 
' cnlar plates A B', A B*, are furnished 
with slot-holes or with notched in the 
edge corresponding to the holes or 
slots shown in the stop-plates, Figs. 



By this plan one wire will aetnale both distent 

of the looking between points a: 




similar to a horizonlal epparatas; but in combination with the point levers Nos. 3 and 8 in 
respective eonnection witli the stop-platea A B', A B*. whicli thi^y work. 

Figs. 6S88 to 6892 illnstratc a horizonlal apparatus, as generally used, for a junction. anc4 
when eitcndeil in details for a largo terminus. The following schedule shows the duty oE~ ■ 
of the levers ; — 

Lever I actuates the distont signal of ap branrli line, 3. 

„ 2 „ „ „ up main line, 1. 

„ 3 „ the points of np Itucs, 1, 3. 

..4 „ * the station or junction signal of up bmoch line, 3. 

„ 5 „ „ down main „ „ I. 



This arnuigemeat is tor n 



„ branch „ „ 

the points of down lines 2, 4. 
the distant signal of down lines 2, 4. 
le levers with three slides one over the other. 



Fig. 6893, 08W, ihow a plfui introduced by B. C. Roper In 1869, The adrftntageaor thia B7at«m 
are, thitt tlie looking a acoomplidicd withoat any moTing bolts, eniDkB. at screws, the long l»n im 
tbe point leven vbioh effect the tacking are in Edgbt, and the oprmtor can see which leren nm be 
moved aud which oannot. 




SmntUi, ^ VLmtZiAlbtg UaAmm 



A bar is mounted on the point levarB extending between the signal leTera, dividing tham J 
seta, and aa reepccta each point lever in motion elthei way separating the signal Ibtgib, which V 

Srooede the point leTent in ttieir rooTemcnta from the others. The leTers are all arranged i 
Time in the osual way : one side of the frame is termed permisaion for main line, and ths ofl 
permiseion for branch line. 

On each point lever is fixed a bar, the bar on one set being tower or higher than that on 
othor, etlending as above ileacribed, and go coupled vrith the signal teven that if there be anan. 
on that side of the frame cnlleil permission for branch line all those signal levers beloDgjtig to 
main line, and on tbe opposite side of the frame those signal levers which belong te the bisnch li 
all the signals will be then at danger. 

The liars on Iho point levers eilend over the point levers in such a manner, tliat on either pa 
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being brought o?er to ono sfdo of the fhime, the bar upon it rests againstHhose signal levers which 
ought to be locked by it when in this position, and the signal levers which are ranged on the other 
side of the frame are no longer locked by tlus lever. 

The side of the frame which gives permission to the main line gives danger to the branch, and 
the reverse ; but in no case can the sigpial levers be moved })eforc the point levers. 



6897 



6899. 




A system invented by Wm. Baines, Figs. G895 to 6807, is in use at the somewhat oomplicatod 

{'unction at Linda! Cote, it having a cross-over road running into both up and down main lines, two 
»ranch lines, M, N, on one side, anl three lines, P, Q, B, on the other. There are catch-points at 
S on the up side, which have to be kept closed for the cro<'S-ovcr road and open for the catch-siding 
T, so that the main lines mny not be fouled bv traffic on the M and N lines ; these catch-points can 
odIt be opened for the oross-over road when the signals have been set to danger for the main lines 
•nd the branch lines on the opposite side; consequently nine points and seven signals have to 
mutually interlock with the one set of points at S. Fig. 6895 is a plan of the jimotiun ; Fig. 6896 
shows the elevation of the lover-frame for eighteen levers; Figs. 6897 to 6899 represent the rocking 
shafts 6 and main shafts F in various positions during the pull over. The levers are all centred 
oil the shaft F, and above this is the shaft O, which passes through a quadrant arc in the foot of 
each lever A, thus allowing the required range of motion. On the shaft G are loosely slipped a 
number of short tubes or rockers J ; these have cams upon them, which act against projecting 
tappets fixed one upon the bottom of each locking bar, and when the cam is held up under one of 
these tappets it prevents the bar from being pushed down, in which case the detent of that lever 
cannot be raised out of the quadrant notch. The practical result of this arrangement is, that before 
the lever has been moved -j^ in. in the quadrant the locking of the second lever is perfectly effected ; 
the pressure upon the several parts is very small, and they do not rt>quire oiling. 

The existing arrangements for working the traffic on the Londun Metropolitan Railway and 
at the Victoria and Gannon Street stitioiis are good examples of the application of locking gear to 
signals and points, and the facilities for safety afforded thereby have been recognized by the 
Elngliah Board of Tmde, and strong recommendations are embodied in the regulations issued by 
that department that all railway companies should adopt such means for the prevention of 
accidents. 

SILVER. Fb., Argent ; Oeb., Silber ; Ital., Argcnto ; Spav., Plata. 

Silver is a white metal of remarkable brilliancy. It occupies the second rank for malleability, 
being next to gold in this respect. Its ductility and tenacity are also very great. One grain of the metui 
is capable of yielding 400 ft of wire, and a wire with a diameter of ^ in. will support a weight 
of about 188 lbs. Atomic weight = 108. Molecular weight = 216. Specific gravity = 10*53. 
Silver fuses at a temperature of about 1873° Falir., and if allowed to cool slowly, it crystallizes in 
▼olinninous octahedrons. When in a state of fusion, it absorbs a considerable Quantity of oxygen, 
whieh it expels in the act of solidification, with a peculiar sound technically known as spitting. 
It may be distilled by means of the oxy-hydrogcn blow-pipe, and its vapours assume a green colour. 
The SMMorption of oxygen by silver in a state of fusion must be regarded as a simple solution of the 
oxygen in the liquid metal, and not as a combination. When allied with a small quantity of gold 
or copper it loses this property. 

Silver is frequently met with in a native state, but not in sufficient quantities to satisfy the 
demand for it. The metal, as obtained for use, is chiefiy extracted from its ^sulphide. The 
metallurgical operations net-essary for this extraction are somewhat complicated; but they are 
based upon Uie fact that both lead and mercury have a strong affinity for silver. The bulphido 
of silver is converted into a double chloride of silver and sodium, which is then acted upon bv 
mercuiy. The mercury then passes into the state of a chloride and liberates the silver, with which 
it Crams an ftwiAlgftm From this amalgam the silver is extracted by evaporation. A more recent 
process depends upon the solubility of chloride of silver in a hot solution of common salt and its 
separation again on cooling. 
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In the first of these processes, which is known as the American method, amaleamatioii and 
reduction ore carried on simultaneously, and tlie whole of the operation is performea withoiit the 
application of heat. In the second process, which is practised at Freiberg in Saxony, a malg a m a ti on 
and reduction are two separate and distinct operations, and the chloridation is effected by means 

of heat. 

Silver is naturally soft, but it becomes harder when allied with copper. It is for this reason 
that it is usually combined with small quantities of the latter metal in order to render it m<ne 
capable of being conveniently worked. It is not affected bv exposure to the air at any temperatore, 
but it is rapidly oxidized by ozonized oxygen. Hydrosulphuric acid blackens silver by jnodudng 
sulphide of silver and hydrogen. 

^\ 

. H/ 
Hydrogen. 



Ag) 

Ag/ 
Silver. 






Hydrosulpharic 
acid. 



ii)' 

Salphkle 
of silver. 



se. 



Sulphuric acid attacks silver only when concentrated and at boiling heat; in this case sul- 
phurous anhydride and sulphate of silver are produced. 

^»S:)«.) * ill - M , . __ 

Sulpharic add. Silver. Sulphate Water. Solplraroaa 

of silver. aoaydrUe. 

Nitric acids attack silver cold, but more especially when heated, producing nitrate of silver and 
binoxide of nitrogen. 
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Nitrate of silver. Water. Binoxide 

of nltragsB. 

When at a red heat, silver decomposes hydrochloric acid, forming chloride of sUver an< 
liberating hydrogen. 



Ag( 

Silver. 



Hydrochloric 
add. 



Hydrogen. 



Chloride 
of silver. 



A prolonged contact of silver with a solution of chloride of sodium gives rise to the foxmation 
a certain quantity of double chloride of silver and sodium, which dissolves, and the liqnoir beoome^ 
alkaline. 

Silver forms with each of the monatomic metalloids a single compound. There are known « 
chloride, a bromide, an iodide, and a fluoride of silver. 

Chloride of Silver^ q?\ .—Chloride of silver exists in a native state crystallised in octah 

As it is insoluble, it may be readily obtained by precipitating the solution of a salt of silTer b^ 
hydrochloric acid, or by a Eoluble cmoride. 
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The chloride of silver forms in this case a white flocculent mass. Chloride of bUyct is al 
lutely insoluble in pure water. At a temperature of 50° Fahr. salt water dissolves a quantity eq 
to ttJ^ of ^^^ weight of the salt which it contains; at 64% i^^^ ; at 212^, ti^^^; and at 
hardly any. Chloride of silver dissolves readily in hyposulphite of soda, cyanide of potassiiim, as 
ammonia ; hydrochloric acid also dissolves it, but only in very small (quantities. I)y evaporati 
from its ammoniacal or hydrochloric solution, chloride of silver crystallizes in octahedra idenii< 
with the natural crystals. The chemical ravs of the spectrum exert a strong action upon t 
chloride. When exposed to the direct rays oi the sun, it immediately becomes violet ; in a diffi 
light, tiie colouration manifests itself more slowly. When exposed to a red or a yellow light, whi- 
does not contain any chemical rays, it retains its white colour. At a temperature of 500°, chloride 
silver fuses ; on cooling it assumes the appearance of horn, and is sufficiently soft to be capable 
being cut with a knife. In this state it is known as horn silver. At a very high temperature 
g^ves off vapours. Nascent hydrogen reduces chloride of silver cold, and free hydrogen red 
it with the application of heat. In the latter case, however, traces of chloride always escape 
reducing action ; this fact, which has been clearly proved by Lieben, renders all analytical _ 
cesses founded upon this reduction incorrect When not in a state of fusion it is reduced by i 
and by zinc. If a little moist chloride of silver be put together in a heap, and an iron rod pla 
in the centre, reduction is effected slowly from the centre outwards. Mercury reduces chloridi 
silver, as does also the protochloride of copper. 
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When chloride of silver is boiled in a concentnied solution of potassa, oxide of silver is 

and if sugar has been added to the solution, silver is obtained in an extremely pure state. 

to a white heat, with carbonate of potassa and marine salt, it is reduced and gives a buttoo 
metallic silver. The marine salt renders the scoria more easily dettichable. 
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Hal) + K^S«.) = =^0^. + 1} + KaS) + <l]) 

Chkrlde Curbonate Carbonic Oxygen. Silver. Chloride 

offlUver. ofpotaaaa. anhydride. of potassium. 

The metallic sulphides, especially thoee of the electro-positive metals, give the double decom- 
poaition with chloride of silyer. 

Bromide of Silver, -J^ |. — Bromide of silver is found in a native state, and may be obtained by 

the same processes as the chloride, nearly all the properties of which it possesses. It is distin- 
guished from the chloride by a less degree of solubility in ammonia, and by the action which light 
exerts upon it ; for when prepared by artificial light it is white, but if exposed to the diffuse light 
of day, it instantly becomes of a yellow hue, and it keeps this tint without alteration, whatever be 
the intensity of tiie light to which it may afterwards be exposed. Bromide of silver is found in 
Mexico, where it is known as Plata verte, or green silver, in the form of small crystals or crystalline 
granules of a pale olive-green tint. 

Iodide of SUter^ ^i. — ^Iodide of silver is prepared in the same way as the chloride and bromide, 

and like the latter compounds, it exists in a native state. It is hardly soluble in ammonia ; light 
affects it very readily, causing it to change from the yellowish tint which is its natural colour, 
to bister, and then to black. Iodide of silver oc'curs native in several Mexican mines in the form 
of thin, pearly, flexible scales. 

Silver forms several compounds with the diatomic metalloids. With sulphur it forms a sulpliide 
corresponding to the formula Ag, fr. With oxygen, it gives three compounds, the suboxide Ag^ O. 
the protoxide Ag, O, and the binoxide Ag, O,. Of these three oxides, the protoxide alone 
poflsesses any interest. 

Sulphide of Silver, ^\ 9. — Sulphide of silver occurs native, sometimes crystallized in cubes, and 

sometimes in masses. This is the principal ore of silver. It may be obtained artificially by preci- 
pitating a salt of silver by hydrosulphunc acid. 

Nitrate of diver. Hydroenlphuric JSTltric add. Sulphide of 

add. silver. 

Sulphide of silver is naturally black ; but when it has been fused or .raised to a high tempera- 
ture, it assumes a metallic appearance. Native sulphide always has this appearance, and hence it 
has received from mineralogists the name of silver glance. Its specific gravity 18 7*2. When 
subjected to roasting, sulphide of silver loses sulphurous anhydride and leaves metallic silver. If 
roairted with marine salt, it is converted into chloride ; it is also converted into the latter substance 
if allowed to remain a long time in contact with bichloride of copper. 

Protoxide of Silver, . |> O. — ^This oxide is obtained in the form of a brown and heavy powder by 

precipitating a salt of silver by hydrate of soda or potassa. In this case, a hydrate x|}o should 
be produced ; but as this hydrate is not stable, protoxide results. 

Mitnte cl ail^er. Hydrate of Nitrate of Protoxide of Water. 

potassa. poiasea. silver. 

Oxide of silver readily decomposes into oxygen and metallic silver when heated. It is a 
powerful basic anhydride, dissolving in the acids, and forming normal salts with them. Water 
oissolyes it in the proportion of -n^, sufficient to decompose the soluble haloid salts and the phos- 
phates. By digesting oxide of silver with ammonia, an explosive compound is obtained, known as 
fulminating silver, the formula of which has not yet been determined with certainty. Some con- 

Ag| 
aider it to be a substance corresponding to the formula H > N, while others believe it to be a 

H ) 
Agl 
triargentic nitride Ag> N. 

Ag| 

Nitrate of Silver, Jl*\ O. — Nitrate of silver is prepared by dissolving silver in boiling nitric 

acid. If the silver employed be pure, the nitrate will be pure also ; but if the silver contain copper 
the nitrate will be a mixture of nitrate of silver and nitrate of copper. The best process of purifi- 
cation in this case consists in evaporating till dry, and then fusing the residue, and keeping it in a 
Mate of fusion for some time. The nitrate of copper decomposes into oxide of copper and volatile 
products, and if the temperature is not too high, the greater portion of the nitrate of silver remains 
intact A small portion of the mass is taken out from time to time and dissolved in water; after 
filtering, ammonia is added to the liquor. So long os this reagent produces a blue tint, there 
remains intact nitrate of copper ; when the ammonia ceases to have any effect, the decomposition of 
that salt is complete. The whole mass, after being allowed to cool, is dissolved, and filtered to 
separate the oxide of copper, and then evaporated to the consistency of a thick syrup. The nitrate 
of silver crystallizes on the cooling of the liquor. Another process is to evaporate till dry, then to 
fuse the salt and to cast it upon porcelain, or in small wrougnt-iron moulds. Under the latter form 
it is employed in medicine, and known as lunar caustic. 
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Instead of decomposing the oitrate of copper in t)io manner we hare deacribed, it is naanl, in 
laboratoriea, as being more simple, to treat the mixture of the two salts with a soluble chloride, 
which precipitates the silver alone as a chloride. This chloride, after being well washed sod drifd, 
is heated in a crucible to a white heat, carbonate of potassa and marine salt having been prerioii«]y 
added. A button of very pure silver is then formed, which may be taken out of the crucible by 
bres^ing the latter after it has been allowed to cool. This button, dissolved in nitrie acid, gives 
very pure nitrate of silver. 

Nitrate of silver crystallizes in bountiful rhomboidal flakes, especially by evaporation from its 
acid solutions. Its crystals are transparent. When fused, it presents the aspect of a white mass of 
crystalline structure. As it is decomposed by heat giving metallic silver, it becomes of a blaiskish 
colour after having been subjected to repeated fusions. When cast in the form of Innar cwistic 
there always remain residues, which are melted a second or even a third time. These residues 
therefore assume the colour often possessed by lunar caustic. 

The solution of nitrate of silver is decomposed by hydrogen, as it would be by a metal, snch a« 
zinc ; nitric acid is formed, and the silver is deposited. 

'{"Si)") * S) ■ H-'ri}') * if) 

Nitrat<> of silver. Hydrogen. Nitric add. Silver. 

Nitrate of silver is decomposed by organic substances under the influence of light 
Distinctive Features of the Salts of Silver. — The soluble salts of silver are distinguished by the 
following features ; — 

1. Thev are always colourless when the elements of no ooloored acid enter into their composi- 
tion, and they are generally blackened by exposure to light 

2. Hydrochloric acid and the soluble chlorides produce in their solutions a white flocooleDt 
precipitate of chloride of silver which is not attw^ed by the acids, but which dissolves very 
readily in ammonia, cyanide of potassium, and hyposulphite of soda. Tliis precipitate assumes a 
violet hue when exposed to the light. 

3. The soluble arsenites and phosphates determine in them the formation of a light yellow 
precipitate of phosphate or arsenite of silver, soluble in ammonia and in acid liquors. 

4. The arseniates produce in them a red precipitate of arseniate of silver. 

5. Sulphuretted hydrogen gives with them a black precipitate of sulphide of silver, which ia 
insoluble in hydrosulpnate of ammonia, but which is readily converted into nitrate of silver by nitric 
acid. 

6. The fixed alkalies give with the salts of silver a brown precipitate of oxide of silver. This 
precipitate when placed in contact with ammonia becomes black, and acquires explosive properties. 

7. The soluble iodides convert the soluble salts of silver into iodide of silver, which is precipi- 
tated. This iodide is of a yellowish colour, easily affected by light, and nearly insolable in 
ammonia ; it is, however, readily soluble in hyposulphite of soda and cyanide of potassium. Boiling 
nitric acid decomposes it slowly, forming nitrate of silver, and liberating viulet-coloured vapours of 
iodine. 

Native Silver sometimes occurs in a state of almost chemical purity, but it is more frequently 
associated with some other metal or metals. Native silver is often found in connection with various 
argentiferous ores, and has sometimes been met with in masses of considerable size. It is found 
both crybtallized and in arborescent and filiform shapes. 

The allovs of silver and gold are exceedingly nnmOTOus, and although native gold has never 
been found free from silver, it is in some cases alloyed with that metal to such an extent, that the 
resulting compound can only be regarded as native silver containing traces of gold. Silver obtained 
from the treatment of ordinary argentiferous ores frequently contains gold, but generally speaking 
in small quantities only. In some districts, however, as at Virginia City in Nevada, one-third of 
the value of the bullion produced arises from the amount of gold which it contains. 

Antimonial Silver. — Discrasito occurs in Baden, Suabia, Chili, and elsewhere ; but seldom in suffi- 
cient quantities to possess great commercial value. Colour, silver white ; composition, antimony 
23, silver 77 per cent. Heated l^efore the blow-pipe, gives off funics of antimony. 

Bismnih t^ilver. — A rare alloy of silver and bismuth, with a little copper and arsenic ; occurs in 
the mine of San Antonio, near Copiapo, Chili. It contains 60 per cent, of silver. 

Native Atnalgam is found in the Palatinate, at Sala in Sweden, Almaden in Spaia, and in 
various mines in Chili. It is freiiuently crystallized, of a silver-white colour, is brittle, and emits a 
grating sound when cut. There are two known varieties. The first is composed of silver 34*8, 
mercury^ 65*2, and the second of silver 26 25, mercury 7H*75 per cent 

A silver amalgam of some commercial importiince is found in the mines of Arqueros in Chili, 
and has been hence named Arquerite. It consists of silver 86*49, mercury 13*51 per cent 

Ores. — The ores of silver which occur in greatest abundance, and which are consequently the 
most important, are the following ; — 

Silver Glance. — Vitreous Sulphide of Silver. — This is the most important ore of silver, and con- 
tains, when pure, silver 87*04, sulphur 12*96 per cent. It is found in Europe in the German 
mines. It is also abundant in the mines of America. 

Stcphanite. — Brittle sulphide of silver is the ore of next greatest importance. This is a double 
sulphide of silver and antimony, containing, when pure, silver 70*4, antimony 14*0, and sulphur 
15*6 percent. It is found in nearly all the silver mines of Europe, and occurs abundantly in 
America, and particularly in the Comstock lode, Nevada. 

Pyntr<7///iY<?.-— Ruby Silver. — An important ore in the Mexican mines, as well as of those in the 
Reese River district in Nevada. It is composed of the same substances as stcphanite, h\x\ in 
different proportions. When pure, its comi)oeition is, silver 58*98, antimonv 23*46, and sulphur 
17*56 per cent 
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Chhride of Stiver. — Horn Silver. — This ore is composed of silver 75 '33, chlorine 24*67 per cent. 
It is found in meet of the silver mines both of Europe and America, and oi-curs in greatest abund- 
anoe near the outcrops of the veins. It fuses in the flame of a candle, giving off ncrid fumes ; and 
if moistened and rubbed with a piece of iron or zinc, becomes externally coated with a thin film of 
metallic silver. With a little carbonate of soda it is readily reduced before the blow-pipe, and 
affords a button of silver. 

In addition to the foregoing, which yield the larger proportion of the total amount of silver 
annually produced, there are numerous other minerals containing this metal, but which, from their 
rarity, may be regarded rather in the light of mineralogical curiosities than as ores of silver. A 
Urge amount of silver is likewise extracted from galena, with which it is associated in the form 
of sulphide. 

Few metals enter into a greater variety of natural combinations, or are found over a wider 
godogical range, than silver. It is said to exist in minute traces in some organic bodies, and in the 
waters of the ocean. A certain amount of this metal invariably accompanies native gold, and it 
would be almost as difficult to find a specimen of galena from which traces of silver could not he 
extracted, as to meet with native gold entirely free from it. 

The whole of the silver of commerce is derived from three sources ; — 

From silver ores proper, in which this metal predominates in value over those with which it is 
associated. 

From refining the native alloys of gold and silver. And 

From the desilverizing of lead, and the treatment of certain argentiferous copper ores. 

Treatineni of Silver Ores. — It has been found that the ores of silver, with the exception of argen- 
tiferous galenas, do not generally admit of mechanical concentration, and they are consequently, 
after careful selection, in most cases subjected to metallurgical treatment. The difficulty of 
treating ores of bilver by mechanical means arises from the fact of the greater portion of this metal 
being finely disseminated in the veinstone in the form of various brittle sulphides, which, on the 
pulverization of the ores, become so finely divided as to fioat off in suspension in the water emploved 
for concentration. It must be borne in mind that, even had the results obtained by mechanical 
preparation been more favourable than they have been generally found to be, the supply of water 
in the districts affording a g^reat proportion of the ores of this description, is exceedingly limited, 
and that the inconvenience and expense attending the dilution of the argentiferous mineral by a 
large quantity of sillcious and earthy matter is less than the cost and trouble that would be 
entailed by their concentration. 

Patio Process. — ^The materials necessary for the reduction of the ores of silver by the patio pro- 
cess are magistral, common salt, and mercury ; but in addition to these, sulphate of copper, preci- 
pitated c opper, and copper and zinc amalgams are occasionally employed. 

Magistral is manufactured from copper pyrites, or raw magistral, of which mines occur in many 
parts of Mexico. 

The copper ore, when brought to the works, is first reduced to a coarse sand by dry stamping, 
sod then ground to a fine powder in arrnstres. The ground ore is removed from the arrastre to an 
enclosure, where the water with which it has been mixed during the process of grinding is allowed 
to evaporate ; it is then left exposed for a long time to atmospheric infiuences, as it is generally 
believed to afford a larger proportion of sulphate of copper by roasting, if previously exposed for 
some months to the action of the air. The furnaces in which the calcination is effectea have a 
double hearth, of which the roof is almost fiat, with a fire-place at the side. 

About 200 lbs. of ground ore, with which a few handfuls of salt have been previously mixed, ore 
charged on each hearth. The heat is then gradually raised, and the ore kept constantly stirred 
daring from six to eight hours, when the doors are closed, and the furnace allowed to cool. When 
Bofficiently cold, the doors are again opened, and the diarge raked through holes in the bottom of 
the furnace into arched recesses beneath, prepared for its reception. The percentage of sulphate 
of copper formed, from an ore of given tenure in copper, depends, to a great extent, on the skill of 
the workman, and the care bestowed on the opemtion. 

When the ores treated contain either oxide or carbonate of copper, it is usual to add to them a 
certain amount of iron pyrites, which, by supplying sulplmr, assists in their oonversion into 
sulphates. The sulphate thus obtained, being in an anhydrous state, becomes heated on the 
absorption of water, and this circumstance is taken advantage of for the purpose of making a rough 
estimate of the quality of prepared magistral, and determining the proportion it will be necessary to 
employ. 

The ores subjected to patio amalgamation differ somewhat in their composition ; but the follow- 
ing analysis gives the average composition of ore from the district of La Luz, Guanaxuato ; — 



Sulphide of silver 0'15 

„ iron 26-52 

„ lead 207 

„ arsenic 0*10 

„ zinc 5*00 

Sulphate of iron 0*25 

„ lime .. , 0*43 



Peroxide of manganese 3 * 54 

Carbonate of lime 4*18 

„ magnesia 0*96 

Silica 5000 

Moisture 610 



100*00 



The ores to be subjected to the process of patio amalgamation are first crushed dry, to the state 
of coarse gravel in a stamping mill, and subsequently reduced by porphyrization with mercury in 
the arrastre to the necessary degree of fine division. 

As the operation of grinding progresses, the amalgam by degrees accumulates in the crevices in 
the bottom of the arrastre. The amalgam is usuidly removed from the arrastres every three 
months ; but in some instances thev are cleaned up at even longer intervals. At the expiration of 
twenty-four houra^ whtn the grinding is completed, slime is baled out into a barrel, in which it is 



thepetio. 

The patio is a large courtyardi generally paved with flagitanea, of vhich the jointB are carefully 
cemented, in order to pierent the loss of mercury vhicb Konld otherwise take pbce. This flooring 
has a slight iucliiiatioD given to it, in order that any water fslHog on it may the more readily run 




The ground slimes, on their remuval from the arraatros, are deposited, fn an almost liquid state, 

in wiilled receivers, whore a portion of the water is removed by evaporation, and where it is allowed 
to socumulate until there is a aulScient quantity to form a heap. When the amount of slimee 
necessary for a heap has bucu collected in the receiver, it ia earned out into an enclosure formed 
on the patio, about '30 ft. in diameter, generally made by laying on each other square beams of 
wood, kept in their places by largo Htoncs, and made tight by filling the Joints eilhcr with clay or 
.han<c>-dimg. Into this the slime is introduced, until it forms a layer of about a foot in thidmess^ 
and is allowed to remain until, by the evapomtion of the water, it has gained the consistency of a 
lather thiu mud. From 3 to S pur cent, of salt ia added, in accordance with its quality and the 
nature of the ores under IrentmeDt, When the salt has been added to the heap or torta, it receive* 
the first treading by muleu, alter whith it is allowed to stand until the following day, when the 
whole of the salt will tie found in a state of solutiou, and thoroughly mlicd with the slimei 
oomposing the heap. 

The day after the salt has been thus mixed with the slimes, the addition of magistral and mer- 
cury takes place. For this purpose the torta is, if necessary, brought lo tlio proper consistency by 
the addition of water, and the magistral thrown evenly over its surface by means of wooden shovels. 
The proportion of this reagent lo be added varies, to a certain extent, in accordance with its rith- 
ness in sulphate of copper ; but in the co^io of employing magistral of the usual etreugth, something 
less than 1 per cent, is geoerally found suflicicnL As soon ns llie magistral has been spread over 
the surface of the heap, it is again troddi n by mules for about au hour, when the mercury necess&rj 
for the completion of the operation is generally added, the quantity required being trom 3| to 1 lbs. 
fur every mark of silver supposed (o bo contiiined in the licap. The iutroduction of mercury U 
effected by making it run llirough a linen cloth iu such a way ttrnt its portiolea may be divided In 
the state of minute globules. After tlie addition of the mercury, tlie heap is again trtxlden for 
about four hours, in order to effect its intimato mi^ituro throughout the whole moss. When crys- 
tallized sulphate of copper ia employed in lieu of magistral, from 7 to 9 lbs. are added for etwih ton 
of ore contained in tlio heap. 

The tieuding of a torta has the effect of stimulating the action of the magistral, and ia repeated 
every alternate day as often as the samples indicate a ueceasity for doing so. Formerly, tha 
mercury was not all introduced at oai:e. It is, however, now usual to add all the merotlrj 
immediately after the introduction of magistrid. 

The treading tortss or heaps is effected by means of mutes or horses, the fonner being moat 
frequently employed, and ia repeated every alternate day until the operation is oorapleted ; in soma 
cases they are made to drag behind Itiem a frauiework on wheels, which acts in the same way u 
the ordinary mortar rnill. When this is employed, it is attached to a long wooden arm revolving 



_ .. .a order to alio? of the nidiiu being gimdnallj dimf- 

. , .. . ^ , _Q which the centnil pin readily trBTBrees. In addition to 

tlw titMJDg, nob heap ia tnnied over twice a week hj meaoM at wooden shovels. 

Tba wubing apparatna nnuiata of three cijcalar ttuike B, C, and D, Fig. 6901, bailt oloas 




together in a oiirle, and Donitrnoted of stone slub« rocefull; cemented. The depth of each of theae 
tioks U S It. 4 iiL, and its diameter 9 ft. G in. They are made (o commnnicatB with ccu:h other by 
HWMU of an oUong openlDg S in. in height and 10 in. in width ; of which the first ia placed at a 
bei^t of 8 in., and the othei at a distance of 30 in. from the bottom of tlie taofca, !□ adilition to 
theMi, tli9 laat tank it proTided with two separate dlBcharge-hotes ; the first at a height of 6 in. 
bcm the bottom, and the other, which ia only opened for the purpose of cleaning np, is situated 
eloaa to the bottom. The diameter of the upper opening ia abnut 4 in., and that of the lower 1 iD. 

In the middle ofeaohtanh is an upright wooden bIi aft airrying four arms furnished with wooden 
tasth acting aa agitalore, the whole lieiDg set in motion by a. central shaft A provided with a spur- 
wheel wc^ng in pinions on the tanh-ahnfte. 

The pinion* giving motion to the agitetoia in the second and third tanlra are a little larger than 
Uiat womng the atirter in the firat, and consequently their motion is somewhat slower. 

Before being washed, the toria ia first divided info several pareels, each of which is aaflened by 
the addition of water and snbsequenf treadiog, nod theo carried to the washing honae in largo 
bateaa, dnated on the inside with dry hone-dune in order to prevent loss. 

When the waahingsof samples token from tbo tanks aObnl only minotometallictraeee, the plug 



le distance above the bottom of the disclmrge-tnok D is removed for the pnrpose of disebargiug 
uimea; and as soon as tboy have been run off the plug is [eplaeed.and the operation — '' — 
il the whole has been washed up. 



In addition to the amaigara whioh remains in the bottom of the tank, there la also a considerable 
qnaotitv of the heavier constituents of Hie ore treated. This residue is removed in wo«lon bowls 
to another tank, and tlirown into large bowls or l>ateas. The person using tiie bateii leans over the 
•Ideof tbo tank, and with one hand on each side of the bow], gives to it tlie peculiar nabbing motion, 
taking np a small quantity of water, which, after eirciilattog ronnd Iho edges of llio vessel, iafinally 
diiehuged, carrying with it a certain portion of the residue. The deposit of llnely-divided mineral 
remaining with the amalgam in tlie wasliing apparatus, and from the washing in bateas, is subae- 
■niently regronnd in arrastree. By this means it is made to yield a certain quantity of ajnalgam 
neb in gold, but is not generally a second time subjected to patio amalgBmation. 

The amalgam thus obtained is carried to the mercury house, whore it is deposited in a largo 
■tone trough ; and aa soon as Hie whole amount produced by a benp has been collected, a large 
quantity of pure mercury, together with a tittle water, is added. The mass is now we!! stirred bj 
hand, for the pnrpose of cansing tbo separation of impurilies which gradually come to the surfsce, 
and which are from time to time wiped off by means of a woollen elotli. A amal) quantity of clean 
water ia added after each removal of the impurities, and the operation repeated until the surface of 
the amalgam presents a bright uniforui appearanre. 

When the amalsBm has been purified from the lost adhering pnrliclos of mineral, by wiping 
with fiannel. it is filtered through a oone-aliapwt bag, or strainer, Fig. C002, ot which the upper 
wction is covered with leather, while tlio lower consista of strong, cloaely-woven canvas. This ia 
Kong by chains or cords from a stout iieam, and when the mixture of mercury and amalgam ia 
introdooed, ita weight caoaes a large portion of tiie quiekailver to escape through the meshea of the 
Mil-doth in a liquid form, and to fall into a vessel placed beneath it for that purpose. The 
amalgam finally aseumes the appeatanco of white sand. Thia ama1f»m orally oontains mercury 
to the amount of &om five to five and a hi^f times the weight of silver present. 




n their lentuTal bota tbe uTastrc«. tie deposi 
« a, pcirtjdn of tbe water U remoied by enpci 
Id accnmiihte until there is ft laffirieDt qnanlilT to (orai & heap. 
tMomkrj for a, be>p bu been collected in the reveiTer, it is cutieil 
<u tb« patki, ftboot 30 (t. Id diwoeter, geDenUl]^ made bv lajing of 
wood, kept in tbeir plaoes br large stonea. aad made tight bj filling 
Jtontt-dimg. Into thia the aiime ia iatrodnced. until it forma a layei 
aad ia allowed to temain until, bj the eraporation of the nater. it ha 
tatber tluD mod. Piom 3 to 5 per cmL of salt is added, in accord 
natUR of tbe ores nuder tnatment. When the salt liaa been added li 
the Brat ticadiug bj molea, aflei- which it is ailowixi lo stand until 
whole of the Alt will be foimd in a state of sclulion, and thorou; 
oompDains the heao. 

The daj after the salt baa been thiu miipd vith the slimea, the at 
enr? takea [daiK. For this purpose the tnrta is, if nucL'ssary, brought 
the addition of watt?, and the mapstral thronn ercnlj ncer its siirfaee 
Tbe proportion of this reagent to be added raries. to a rertain eltent 
neat in aulphate of n>p|ier - but in the case of empto} ing magistral of t 
leas than 1 per cenl is generally found sufficienL As soon aa the ma 
the nrfaoeof the heiip, it is again tnxidin bv mules for about an hour, 
fur the completion of the operation is generally added, tlie quantity req 
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irooabiMic, bjr msuiBof tbeboltaif, puaing upthronKb the anus. Each shoe bu al«> an inm pin, 
about ftQ inch in toigth, vhicli flu mto the wooden bkok nd kMpa tlie iron titoing •teadily ia ita 




place. On the shaft/, pMsiug throngli the central piUnrf, ie the joltej, which. beinicOl 
a BlidJDg key, cnn be rained by mpans of the btfcw h ; nnd "the eniis of the vote ilself beinf; attachfd 
to the wooden croBS anna, tlie mullcre witl be raised nt the same time. Steam ia inttodneed into 
the pulp b_y the pipe i, the dischorire beinR effected by menns of the apertnrea J. The false Iiottoo] 
ia tnnde 1 in. leaa in diameter then the boltom of the pan itself, nnd has an apertare in the eentre an 
inch larger iu diameter than the bane of the pillar, in wliieh the rertical shaft wnrha. To fH«t«ti the 
botlom in ita place, and prevent the mon-arv from flndinfi; its way under it, stripa of cloth, about 
2 in. in width, are lapped amnnd the ed^o nt tlie falac bottom, as well as applied against the ndra 
of the pan. A little iron cement ia then poured in, and the boltom seenred in its place by tnewu of 
well-dried wooden wedges tightly driven between t!ie two layers of cloth. These wedgwg. wliieh are 
driven quite close to each otlier, mnat be Boioewhnt shorter than the thickness of the false boltcm ; 
thus leaving a space above tliem wliieh is aubsequcntly covered with a paste of iron cement, thai il 
allowed to ai't before usind the appnratiia. About 1 horae-power is required to work thia pan, 
which will amalKamato from IJ lo 2 tons of ore in the conrae of twenty-four hours. 

A very good, but moro oompHcBtt^l pan is Wheeler's, reprepented in Fig. 0908, A being the pan. 



removed from the pan, and t 



i bottom upwards. The npper mnller ia driven by ir 
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nit. The qnaatity lued vuiea fnini > qoftrter or ittit a poimd to thrae or toaz pcrnDda to «Mh 
charge of ore ; the two anbetanoefl being employed in very VBrisble proportiong in diflcrait mill*. 

Two honrs havinz been duToted to the gnnding, and two or three more to (iiuJgMaatidn, the 
pan is diBcharged, and it» contents received bj a settler or «ep«mtor. The pen being emptied and 
putlr vs«hed oot by the itreem of water, is agnia charged with e freeb qnentity of wno, ai>d the 
grimung operation is reanmed. 

BettleiB or BepaTatorg, Ube the pans, differ somewhat in details of oonstmctimh bnt they ntaslly 
are lonitd tuhs of iron or of wood with cast-iron Ixttloiiis, resembling the pens in general feotima, 
bnt larger in diameter. 

In some mills, at a stated honr of each day, the quicksilver coming Srom the iettlen U ttrained 
and the amalgam extracted: in others, aa Hie qnichsilver thickens or beeomei slDgfpsh by the 
accamnlation of amalgam, it is dilated by the addition of fresh qoioksilTeT, and the itrauiing of the 
amalgam is only made once in several days. 

From time to time the pans atid settlers mnat be stopnd and cleaned. For this parTMae the 
muUers moat be raised, the ^oee and diee removed from tneir placea, and all the iroDwork of the 
pans and settlers carefully scraped witli ft knife, to remove and collect the hard amalgam which 
attaches itself to snch lurfaoes. In many casee oue-fonrth or even a greater proportion of the total 
prodnct of amalgam is obtained in this way. 

The amalgam, having been strained in bags similar to Fig. 6902, and forcibly pieased, to aipel as 
much of the nnid qnickBilver as possible, is then subjected to the prooesa of sublimation in a retort 
abont 12 in. in diameter and 3 ft. long, mounted on an arch of fire-briok, and placed within another 
arch, from the crown of vrhioh the smoke is oarried off to the abimney. The retort is fitted with a 
stout cover, earefuUy adjusted like the stopper of a ooal-gaa retort. From the upper part of the end 
a 2-in. iron pipe carriea off the volatile matters. This is so fitted to the downcast pipe, 4 ft in length. 
that, by X-P'ece« and stoppers, every &oility is afforded for cleaning ont the pipee. The dowocaat 
pipe is «o fitted within anchor pipe 3| to 4 in. in diameter, as to oonatitnte a Liebig's oondeascr, 
into the bottom of which oold water is supplied ; the heated water Sowing off front the top. Tha 
downcast [^ opens into a small bottomleei chamber, immersed mffidently low in a tank of watar 
to keep It al>tigDt, bnt in mob a manner as to prevent aooideiitB &om the abecqition of water into 
the heated ntort. 

This retort is provided with several oaat-iron semit^rcalar trays, which slide euilj la aadovt; 
"idedfaitol ■ • ■■■■ -.-..- .- . 

- j_,jrisalBopl _ . ,. 

vented from adhering to the Inm, and nanib trooble avoided. The charge having been |dac 
retort, the oover is oarefnlly luted with a mixture of day and wood-eslxa. made ap into a tl 
The fire is then lighted, and the heat slowly and steaduy railed, until the retort is of a bright rod 




ODlour, and is so maintained until the mercury ceases to distil over. The retMt is now aUowed to 
•ool gradually down, and when oold the retorted silver is withdrawn and weighed, m i* slM tM 



ftitd b&ttery-iranie are not eMestiall; difft^rcnt fram those in wet-onulimg batteries. The mortu* 
differ from the high ones nsed for wet-ciaahicg, consiBting of a, bed-piaoe, irith sides knd ends that 
are only high enough to provide the mpans of bolting the iron casting to the iroodwork ot the 
battery-frame, atlatming tlie Bcreen-fraineB. 

The dies are Bat, oircnlar pieces of cast iron, that fit into reoesses in the bottom of the tnortar. 
Each die has two lugs or projections on its periphery, which, being dropped into a groove in the 
bottom of the mortar, may then be rcTolved 9IP, under a Qonge or Itp with wfaioh the reoeas is cast 
Molten lead ia then poured in to hold the dies firmly. When it is desired to remove them, qoick- 
■ilrer is poured into the battery, dissolving the lead and loosening the dies. By retorting iht 
qnicksilver both metals are recovered. 

The disclurga ia at both aides and ends. Screens of brsaa wire-cloth are naed, having 40 meahe* 
to the lineal inch, or IGOO holes to the squsj-e inob. The Btampa croah from a half Ion to I Vm 
a head each day of twenty-four hours. The bstteries are enclosed by housinesor closely-fltted boiea, 
which serve as ncoivora for the crushed m.iterial. The casings are provided with doora, by means 
of which the workmen can enter aud remove the crushed ore by shovelling it into banowe. 

Resting. — The flne ore after cruahing is roasted with salt in reverborstory fumaoea. These ue 
bailtot common red hriok. Fig8.6911, 6912, show the method of their construction. Fig. 6911 is 




a horizontal section through the line A B, Fig. 6912. H is the hearth: D the stirring door; dlF^'*' 
discharge door; G the grate; C the bridge; F the flues; p the ash-pit; J the hopper. Tt::V 
charge consists of lOUO lbs. of ore, which is mixed with 6 per cent, of salt, the latter being added 'tfo 
the charge in the hopper, by which the furnace is supplied. The charge is lieated veir gently *£ 
first, the t«mpemture being gradually raised, until at the end it is subjected to a high ae^t- 
Usufllly dx hours are required for the roasting. The charge is conatantly stirred, and once or twin 
during the operation it is tnmed ; thnt ia, the portion of the charge remote from the bridge ii 
caused to exchange place with that which ia near. 

The operation enected by Ihua roaating with fait consisis, very briefiy eiprcased, first, in tli« 
oxidation of the metalUc componnds. converting the salphuretp, in which form the silver ohielj 
eiists in the ore, to sulphHtea ; and the BubBequi.'nt decomposition of these combinations by the 
salt, with the formation of the chlorides of the metals. Sometimes an addition of limeatone it 
made to the charge, for the purpose of decomposing the chlorides of oopper, zinc, imd so on, thus 
preventing, to some extent, their subsequent amalgamation in the barret, and obtaining bullion ijt 
a purer quality. 

Each furnace roasting four charges of lOOO Iba, each, or 2 lone, in twenty-four houra, consume* 
one cord of wood. Two stirrers are employed on each twelvetiour shift, makine foni men i> 
twenty-four hours. One man is required to receive and attend to the ore on the oooUng floor, after 
its discharge. 'I'he same man can attend to more than one fumiice. 

The roosted ore is passed again through a acrocn, having 1600 holes to the square inch, in ofder 
to remove from it any lumps that may have formed by caking in the furnace, or coarae particles that 
may have escsped tlie battery-screen. It is then elevated to a large hopper, placed abov« the Amal- 
gamating barrets, to which latter it ia thence supplied by meansofsmaller hoppen, onaof whiclii* 
saspended over each barrel. 



M^QtiferDDBCOmpoimdB; puticBluly when the omomit of lead praaent t> Em&Il, and the ^opntioa 
of copper large. 

Augnstm^i procem iraa flrat introdnoed is 1849, but after a abort time it ni mpetseded bj the 
simpler process of Ziervogel. 

Ziervogtrs PioMss. — The effloienf^ of this method depend! on the drcnraBtanoe, that wben ■ 
flnely-powilered matt, i?oDaifltiDg of the snlphidea of oopper and franoontainin^ a certain pmportkin 
of silver, is, with proper precantiona, loastt-d in a reveAienitor; fomace, the iron and copper Snt 
pasa into the state nt sulphates, which are afterwardi transformed into oiidea. The ■nlpbide of 
silver subsequently unilergoOB a similar ttansformaUon. and. if the roasting were amtinned. would 
ultimately bo reduced to the metallic Htato. If, howeTor, Uie operation is arretted at the proper 
stage, the copper and iron will have become transformed into oxides, wbllst nearly the wbde of 
the silver eiista bb a soluble sulphate readily removed by water ; wliich thus affords a means of 
separaltng that metal from the otiier oonatituents of the charge, which are, for the mort part, 
insoluble in that meostruum. From the argentifeions liqnoia thtu oblaiued, the ailTer U afbrmidt 
precipitated. 

Tlie matt, after being ground ijelween a pair of miUatonea, 4 ft. in diameter, made of the granit^ 
is bolted through a oirciilar sieve, of from HOO to 1500 apertures to the square inch, and then caio- 
fully rousted in a reverlwratory fumaoe, specially adapted to the purpose. 

The success of this process depends on the degree of facility with which the operation of roHting 
rosy be controlled, so as to be enabled to seize the exact period at which the sevei»l metftUio oom- 
pounds are ia the precise conditioD reqnired. The sulphate of copper shonld be, aa ^ as poHible, 
converted into an oxide, whilst the whole of the silver oncbt to exist in the form of a stdabis 
snlphate. Should the roasting be arrested before this point has been attained, a large amoaut of 
capper will be found to remain in a soluble slate ; wbilst a portion of the ailver still exista iu the 
form of en insoluble sulphide. If, on the contrary, the roasting it carried too far, the Bolphate of 
silver will have became reduoed, leaving that metal in the metallio state: wliioh, being totally 
insoluble in the hot water employed for lixiviation, will remain with the copper, and became eon- 
mereially lost Long practice and mucb observatiou are mqnired on the part of ths workmcB 
em^yed in this process. 

The roasted argentiferous matt It taken ftom the foraaoe to the lixiviation department, which 
consists of a hof^e room, in wbiob a number of vessels ore artunged, Fig. G917, and so placed tbit 
the liquors flowing from one are Immediately received in the next which follows in the eeriea. 

The powder to be operated on is' 
divided into parcel^ which are placed in 
the vessels A, provided with flllers and 
false bottoms; liquor from a previous 

Jiration, together with a small quantity 
fresh water, both heated to a tempera- 
ture of 160° Fahr., are run into each of 
the upper tubs through the pipes a, b. 
A little sulpburio acid is also employed. 
This fluid soon permeatiiig tbe ore in the 
tubs A, takes up the sulphate of silver, 
and any other soluble salts present, which 
passing through the Biter ere carri^ in 
solution into the tank B, dividid into two 
ports. In ibis reservoir the liquors enler 
the first division, and after allowiuK the 
matters held in suspension to settle, the 
eolulion Bows over the partition, and from 
thenee through ten taps into as many 
tubs C. In tlie Iwtfom of each of these 
are placed 10 lbs. of cement copper and 
250 lbs. of coarse copper bars, by which 
the larger proportion of the silver is pre- 
cipitated in the metallic form. The fourth vessels D, of which there are five, also contain metalltB 
copper, and in tliem are precipitated any traces of silver which may have escaped predpitation in 
tbe tubs C. From these last tubs the spent liquors flow off into the lead-Uued cistern E; titm 
which they are subsequently raised by steam pressure into another Iwden cLstera above the levri 
of the flrst scries of tabs A, healed to a temperature of \G(P Fahr., and passed over a freth obarge 
of roasted matt, introduced into the scries of dissolving vessels A. 

About two and a half hours are required to dissolve out the sulphate of silver contained in each 
charge; and at the end of that time tlie residual contents of the di^aolviiig tubs are transported to 
an aqjaining room, where an assay sample is tslien. Should the results ofthis assay show that tha 
amount of silver remaining is less than 0-O0036of the weight of the material operated on, the resi- 
dues are placed aside, for the purpose of being fused for blistered copper; but i^on the othet hand, 
they contain more than this proportion of silver, thoy arc re-roasted. 

The flnely-sifCed matt, after being withdrawn from the furnace, is allowed to remain abovt 
eight hours before being introduced into the lixiviating tubs, and thus becomes cooled down 
to about lUO' Fahr. before charging. When placed in tbe tubs, hot water is admitted fiom i^ 
until it begins to esrapo from the taps at the bottom. Tbe water is then turned oB^ and hot 
liijuors from a previous operation are introduced from tbe leaden oislem by tbe pipe 6, until the 
liquid flowing from the rooks at tlie bottoms of the tubs no longer affori a precipitate of chloride 
of silver on the addition of a weak solution of common salt. The final liquors collected in the 
vessel B, when they have become loo highly charged with sulphate of copper, are brought in oontact 
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brought from a tank by me.ms of the ti-ough 6', and allowed to percolate slowly through the 
In this way the chloride of silver is taken up in the form of a double salt and posses through the 
filter in the bottom of the tub into the trough d, by which it is conveyed to the precipitatiiig 
tubs E, F. 

Tlie time necessary for the completion of the operation is more or less influenced both by the 
richness of the ores and their state of mechanical division, the richest samples oontaming 15 per 
cent, of silver, requiring as much as forty-eight hours before becoming sufficiently impoTerished ; 
whilst the poorer ones, affording about 1 per cent, of silver, generally require but twelve hours tat 
their treatment. In the case of ores not containing above 7 per cent, of silver, one ohlorination and 
lixiviation is found sufficient, but when richer ores are operated on it becomes necessary to have 
recourse to two distinct processes of lixiviation, together with an intermediate roasting with salt 
and sulphate of iron. Tiie lixiviation is known to be complete when the liquors dropping from the 
tubs no longer afford any traces of a precipitate on the addition of a few drops of sulphide of 
ammonium, and the residues are then removed, and, i^ter being dried, fused in a blast furnace for 
copper. 

The liquor flowing through the filters in the tubs B is conducted by the trough d into the 
vessels £, F, of which there are ten, six holding 40 gallons each, and four of the capacity of 
80 gallons. The precipitant here employed is a polysulphide of sodium, produced by fusing 
common soda ash with sulphur, and subsequently boiling the product, dissolved in water, with 
sulphur in a finely-divided state. The solution thus obtained is taken in large stone jars to the 
precipitating tubs, and poured into the argentiferous liquors so long as a precipitate is produced by 
the introduction of an additional quantity. The contents of the tubs, after oeing well stirred, are 
allowed to settle, and a sample of the clear liquor having been taken in a test-tube, a little of the 
solution of sulphide of sodium is added. 

If a dark-coloured precipitate is formed, it shows that a portion of the silver still remains in 
solution, and a further supply uf the alkaline sulphide is required in the precipitating Teasels. If, 
on the contrary, the addition of polysulphide of sodium has not the effect of producing a dark pre- 
cipitate, it becomes probable that too large an amount of the sulphide may have been added to the 
argentiferous liquor. In order to ascertain this fact, some fresh liquor, holding the double salt of 
silver in solution, is added to a sample taken from the tub under examination. Should a precipi- 
tate of sulphide of silver appear, fresh argentiferous liquor must be carefully added to the tub until 
no further reaction is observed. When this point has been attained, all doubt as to whether the 
whole of the silver has been precipitated on the one hand, and that no excess of the precipitant has 
been employed on the other, is removed by the addition to one sample of a few drops of a weak 
solution of common salt, and to another, of a small Quantity of acetate of lead. 

If no precipitate of chloride of silver is producea by the addition of chloride of sodium, it is a 
proof of that metal having been completely removed ; and should no discolouration take place on the 
addition, to the other sample, of a solution of acetate of lead, it shows that no excess of the precipi- 
tant lias been added. 

Six hours are now allowed for the flocculcnt precipitate to settle at the bottom of the tubs, after 
which the clear liquor is siphoned off into a reservoir oeneath the floor, and the black slimy sulphide 
drawn off by the taps ^, /, to be placed in a filter-bag of close canvas. 

The s|)ent liquors from which the sulphide of silver has been precipitated are afterwards pumped 
from the tank beneath the fioor of tlie establishment to another above the level of the row of tubs A, 
from which they are drawn off, as they may be required, for the lixiviation of a subsequent charge 
of roasted ore. 

The pasty sulphide of silver as drawn from the precipitating tubs is placed in conical canvas 
bags G, supported on wooden frames, and allowed to drain. After standing in the filter until it has 
ceased to dnp, the pasty mass, together with the enclosing ba;?, is placed under a screw press, and 
the remaining moisture expressed as completely as possible. The precipitate is now removed from 
the bag, dried, and, after being replaced in the iilter, is washed with hot water for the purpose of 
removing the adhering soluble salts, of which sulphate of soda is the chief ingredient. The sulphide 
of silver, thus purified, is again dried, and afterwards heated to redness in a muffie, through which 
a current of air is allowed to circulate. In this way the sulphur is almost entirely burnt of^ and at 
the expiration of about two hours the entire mass has assumed the metallic condition. 

This metallic residue is now fused, in char;,'es of about 300 lbs., in large plumbago crucibles, and 
any traces of sulphur which it may still retain removed by the addition of metallic iron, with which 
it forms a ferruginous sulphide readily skimmed from the surface of the metal. A sinall quantity 
of a mixture composed of wood-ashes uud bone-ash is now thrown on the surface of the metalUe 
bath, and this, on being carefully scraped off, leaves the fused silver in a condition suitable for 
casting into ingots. Bars produced by this i)rocess usually contain from 980 to 985 thousandths of 
silver. 

Smelting. — Cupellation, — The amount of silver extracted from ore by smelting is small compared 
with that produced by amalgamation; but smelting processes are economically employed when 
advantage can be taken of the affinity which lead possesses for such ores, when in a fused state. 
Lead in this condition renders a similar service to that performed by mercury at lower tempera- 
tures. The furnace commonly employed on the continent of Europe, where the lead to be operated 
on is often subjected to cupellation without any preliminary concentration of the silver, is repre- 
sented, Figs. 6919, 6920, of which the first is a vertical section, and the second a section at the level 
of the tuyeres. 

This apparatus is a revcrberatory furnace, consisting of a circular hearth A from 9 to 10 ft. 
in diameti^r, sloping from all sides towards the centre, built of bricks 6, set on edge on a layer 
of broken slags c. On this is laid u l)cd of marl </, which is firmly beaten in, when in a damp state, 
and renewed after each opci-ation. When good murl for this purpose cannot be obtained, a nurture 
of cLiy and lime, or clay and wood-ashes, is employed. This bed of mail constitutes the cupel. 
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which is heated b; means of fagob of bnuhwood burnt in the flre-plaoe B. The tool of thia 
fatJtM/x oodbUUi of & flheet-iroD dotne C, which ta^y be AOBpeuded bj chftios from tho onme D, ftiid 
which is intemftlly plulered with clay. ' 

Tlie oDpellioK fornaee baa fl<e ,^^^ 

opaninn ; one throngh which the 
tUmo from the grate entets the 
hearth; two,(f, thiongh nhich the 
Donlea paaa Bnpplfing the blasts 
to the surface of the metallic batb, 
for the pnrpoee of oiidizicg the 
lead, and which also assist in 
cairying the reaaltiDg litlmrge 
towuds the ■tlQUliu' space before 
raferred to : the npertnre £ is em* 

Sloyed for the io^odnctinu of the 
isca of lead to be CDpelled ; and 
F is that tlirongh which the fused 
litharge makea lis escape from the 
furnace. At the oommencemeDt of 
the operation this last opening is 
closed bj tlio edge of the layer of 
marl; bat as the oapellation pro- 
oeeds, it ii tmia time to time cut 
down, so as to keep the dumoel 
oonatantly at the' leTel of the me- 
tallic bath. The litharge thas 
flowing from the apparatus ttcco- 
muhites on the floor of the smelt- 
ing boose, where it solidifies, and 
fiom whenoe it is removed. 

Before commencing a cnpella- 
tiau, it is necesaaiy to prepare the 
CDpei ; and for this purpose, after 
lifting tho iron dome, the old cupel, 
which baa become thoioDgbly im- 
pregnated with litharge, ia brulcen 
up and removed, in order that it 
may be passnl through the blast 
fumai^. The brick bottom of the 
■fqiarstDS ia now moistened with 
water, and successive layers of 

finely-ground marl are well beaten in whilst ia a somewhat damp state. The iron wveriiig is 
replaced when the cupel baa become snfflcientl; dry, and all the joints at« well secnred by luting 
them with clay. 

The fnmsca is now charged with abont 8 tons of lead, which, to prevent injury to the 
bottem, is laid oa a bed of straw ; the fire is lighted, and the metal mpidty beRini to melt. As soon 
as the fnsion of the discs ia completed the bellows are slowly set in motion, and the surface of the 
bath becomes covered with a, dark-colomed powder, consisting of OKide of lead, associated with 
varions imparities. These pulverulent matters do not enter into fusion ; but the refiner now and 
then throws a shovelfol of coal-dnat on the surface of the bath, and by the aid of a billet of wood, 
fixed crosswise on the end of an iron bar, draws the impure oxides towards the hole through which 
the litharge escapes, and flnally on to the floor of the worhs. After the expiration of a ^ort time 
fused litharge begins to make its appearance ; hut that at first formed, b<^ing impure, from the 
presence of ijther oxides, is usuaUy laid aside, and not mixed with the purer descriptions whioh 
•oon follow ; these are generally sold for glass-making and other pnrposea, in nreferenoe to being 
again reduced to tlio metallic state. The litharge produced during the last period of the cnpeliation 
invariably contains a consideiable amount of silver, and, after being reduced to the metalUc state, 
forms a portion of the charge worked in a subsequent operation. 

The blast is now slightly increased, and the oxidation proceeds rapidly ; small fiape, or valves, 
bein^ freqn^itly fitted to the ends of the uozzlee. for the purpose of checking its strength, and 
diatribnting it more evenly over the snrface of the hsed metel. The operation is continued in this 
way until almost the whole of the lead has been converted into oxido; and the silver, reteining 
only traces of that metal, remains in the rupel, in the form of a metallio cake. 

At the moment the oxidation of lead entirely ceases, a phenomenon known as the brightening 
takes place, and the operation ia then known to be terminated. 

As soon as the operation is thus perceived to have terminated, the refiner throws water into the 
hearth, and removes the solidified cake of silver, which nsoalty atill retains a aufflcient amount of 
lend to render its farther pnrifioation necessary. 

The pnriflcation of the silver obtained by the process just described is fluently eflTected in a 
sntall rererberatory faniace, cf irhii^ the bottom is composed of bone-ash, t^;htly rammed, whilst 
in a damp state, into an iron ring, and afterwards so hollowed out as to contain the bath of fnsed 
nefa]. The capel, which muBl be thoroughly dry, and oaght therefore to be prepared some time 
Woiehand, is, whilst the famaoe is still cola, «o supported on bricks agaiust abntments prepared 
for that purpose, as to form the bottom of the apparatus. It ia charged with about 1 cwt. of the 
impure •Uvet' to be operated on, and the firing is continued until a bright red beat has been 
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faMd metal beoom«s eioeedingly brilliant sod reflects, 
interior of the orown. 

The bottom of the onpel a now pierced by » pointed iron bar, sad the silTO ii 
monldt, previoQgl; heated on a ledee of the fnmaoe. In order to prevent the — --^- 



ovt into 
ivioQgl; heated on a ledee of the fnmaoe. In order to prevent the ipirting, or veget* 
bars, they are ooyerod vhilgt omling by a pieoe of dry wood, kept down by a wtigfat ; 
of any irreenlaritiog making their appearance on the lorfaoe of the ingota, that an tab- 
■equeatl; remoT^ by liuimering. Thia operation altogether oocnpiei from four to flre hoot^ and 
the reeultiDg ban ainally oontain from 997 to 99B thonaandtha of nlver. The aotoal IcM al alnt 
ia almost inappreciable ; bot the dimination in weif^t experienced, on the cmde metal fiom llw 
cnpelling fnniace, is from 2) to 5 per cent. 

lu the BuKliah ayatem of treatiiig BTgeutiferooa lead, the lead obtained by the diSvent pn- 
rmnrm before deeoribed, in addi- 
tion to diver, oantaina larions 
imporitie*, nioh aa tin, oopper, 
and antimonf , which, irtien the 
metal i« nbjeeted to direct en- 
pellatioo, are removed by akim- 
miugi but when the previous 
oonaentratioD of the silver by 
erystallization is resorted to, 
they materially interfere with 
the tqwration, uid reqniie to be 
MDXtved bj the ptooeai of oal- 
oinatioii, whioh oonsiats in keei^ 
ing the fused lead aspoaad at a 
oherry-red heat to tha midliing 
inflnenoes of the «Mi passing 
throQxh a lererMtato^ flir- 
naoe, m whioh tha oaloinBtioti is 
efleoted. By this treatment the 
antimony, oopper, and other 
impnritiee become oxidised, 
and, rising to the snrfhoc^ are 
■kiinmed off, and removed by 
means of an iron take. The 
length of time neoeaaary for the 
pnnfleation of hard l^d obvi. 
onsly depends on the nature and 
amoimt of the impurities with 
which it is associated ; and con- 
•eonently some varietiee will be 
mffidently sitftened at the ex- 
piration of twelve bonrs, whilst 
in other instances it becomes 
necessary to continue the opera- 
tion dnnng several days. The ^ 
lime neoeaaary for siuBciently 
softening the argentiferous lead 
obtainecl fhan the Oastilian fnr- 
naoe, when working ordinary 
oiea, la about thirty-six hours. 

The charge of the reverbe- 
ratory fumaoe, which is abont 
1 1 tciis, is first fused in a large 
iron pot, aet in brickwork at the 
aide, and is snbeeqneutly ladled 
into it thicmgh asheet-innt gutter 
prepared tot that purpose. The 
amount of coals required for the 
calcination of a bm of ordinary 
hard lead ia gonerally somewhat 
lew than 3 owt. The softened 
lead is oast Into pigs, and is in 
that form taken to the crystal- 
lizing pots. 

Snultiag tn Snada. — The ore 
hom the Hontezuma ledge, Ne- 
vada, is of peculiar character, 
consiirting chiefly of the oxides 
of lead and antimonv oarrying a smnll peroentage of silver, averaging, by assay, abont tSO a ton. 
It is sometimes bard, masaiTe, and compact in ehancter, while the larger propoitkxi it Uabl^ 




rixnrfng m flbrcniB gto oe tnt e. The in(<thod of trMtment itf thla oro preaents lonie noreltlM. It oon- 
rati of nneltiDg the ore in ■ etatt faniace, by wbkh meuia erode melaj is obtained, UDOODtiilg 
to 40 or 50 per cent, cf the charge of ore, uid oonBiBliiiK of lead, aDtimony. and ailver. The abaft 
hrmute employed for the smeltiDgof the crude ore u shown by Figs. 6921 to G924. FigB. 6921, 
6922, a front and side deration ; Fig. 6923, a horizontal aeetton through A B ; and Fi);. 6921, ft 
Tfrtital section throagli CDof Fig. G921. The total height of the tamace ia abont 40 ft. The 
hearth ii built of atone, cut from trachyttc rock that occurs a few miles south of the works. The 
■haft ii or common brick, with a lining of flre-brick from the hearth np to the throat 

E is the hearth, or sole ; F the aump, or receiver, into which the metal runs on being tapped 
trom the furnace ; t. tuyeres ; g, biast-pipoa ; A, pipes to supply watsr to the tuyeres ; L, lining of 
the foniBee ; H, throat ; N, Soor for feeding ore : S, stack. 

The capacity of one of tlicse furnaces is fnmi 12 to 13 tons a day of twenty-four boura. The ore 
being broken into Boall pieces is spread upon the charging floor and mixed with ilui. Thla some- 
times mosigts of limeetuno, but genecBllT uf sUg, or both together. Litharge, the product of the 
rapelling fomace, is also aometimea used with fresh ore. The ore for the charge, being mixed with 
about 25 per cent, of fiux, is aupplied to the furnace with a aufScient quantity of ohatcoaL that 
siersgea about 15 buahels to the ton of ore. About 100 lbs. of the mixed charge and coal is fed to 
the fomace at onoe, the supply being ooatinnoualy kept Dp as thq operation of smelting ptooeeds. 
Hie blast is supplied by a fan-blower, which is driven by the steam-engine. 

When the furnace is in regular operation the slag is discharged continuonsly, while the metal is 



tspped ofl^ at interrals of an houi 



T two, into ai 
« for further handlini 



r, whence it Is dipped ont and ci 



"The yield of luetal is from 45 to 50 per cent of the ore smelted ; one fomsoe smelting 12 tons of 
ore in a day, supplying MinseqtKDtly about 5 tons of crude metal The ore origiaally oontaining 
$80 a Ion in ailTw.^elds metal whieh conUins horn $ISO to $200 a ton. The slags are oon- 
stintly eiamined. UmaUy they an quite poor, but If fonnd to oontkin an anilable peroentage of 
metal, are broken op aad tettmad to uie ftaiBHe with t, fitili oharKe of ore. 

The oonsninption of ehanoal In thia •melUiig ptoetta ia nioally about 15 bushels to the Ion, 
but sotnetimee eioeeds that qnaotlty. It ia made fram the nnt pine. 

llie refining or calcining ftuiMoe Ibr the mbliinatioci of the aDtimoQ^ oontained in the orude 
metal, sod the oonseonent improvement of the lead, cbnsiBta of a bath or ctut-ircm pan, about 13 ft. 
koK by 5 fl B in. wide and 8 in. deep, the metal being an inch thick. The pan is set in brick- 
work, the oonstmotion of which is shown by Figs. 6925 to 6928. Fig. 6920 u a side elevation ; 
Fie. 6926 a horizontal sectioa through E F ; and Figs. 6927, 6928, transverae •eotioni thioogh A B 
and C D of Fig. 6925. 




a a snbstantiBl foundation, and is eodoMd by side walls of common brioks^ 
rer which an aiob. Fig. 692B, ia tnnied. A narrow space ia left between the 




aver the surface of the metal oont&ined In the pan toward the stack «t the oppo^te end. Them if 
a horLZunUI ohanncl paasine throogJi tbe bridge behind the pan, opening at the lidea tS the 
fuTDitce sod commuDicating by vertical poMagee with the interior, bj whioh meana air maj be 
admitted to the chai^. Doars are provided in the aide of the fnraaoe for the purpoae of akimming 
off a omet or gcatn, consisting of lead and aatimoQj, thatooHocta on the nirface whOe ths opeiatidii 
of calcining is in progreas. The charge is also introduoed through these doors. ThsreUat^i 
near the end of the pan on one side for the purpose of drawing off the rsfltipd metals. At the ban 
of the stacit is a chamber for the collection of the onidiied antimony that may oondenae in the slack 
and fall to the bottom. The whole structure is flrroly bound together by irons and bolt*. In tha 
figures, 6 is the fire-place; II the ash-pit; I the bridge; J the airHihannel throng^ the bridge; 
K the pan ; L the spout; M the openings for putting in and working the charge; N the dons; 
O the chamber at base of stack for the accumulation of the oxidized antimony. 

To set this furnace in operation the melal may be first melted and introduced in a fiiaed itata 
to the pan, or, what id more common, the pan ia lieated to redness and the pigs of orude mrtal ara 
laid npon the pao-bottom, when melting ensnea. The fire may be quite moderate, the only fnel 
nsed in this case being sage bruah. The antimony is oiidized and passes np the stack, a ^rt to 
eacape, a part condensing in the chimney. The charge of tlje pan at the ontaet is some S or 8 tons, 
but as the molten metal diminishes in bulk by the sublimation of the antimony new ban are 
addtiit to keepnp the supply. A scum cnllects on the surface of the molten metal, which ia ronoved 
by BcraperB from time to time. This consists cbieSy of lead and antimony with very little aHm. 
while this r< fining nrooess was still practised at the works, the«e skimmings were odlleoted, 
remelted, and cast in bars to be sold for type-metal. Babbitt-metal, and other purpoees. The alloy 
consisted of 71 per cent, of aotimony with 29 per cent, of lead. 

The lead in the pan is gradually enriched by this method of concentration, end assays are taken . 
from time to time, osually at intervals of twelve hours, for the purpose of watchiug the progiu* oT^ 
the operation. When the value of the lead has been brought up to about (S50 or (400 a ton, it is^ 
drawn off in moulds, aud then subjected to treatment in the cupel furuace. 

The cupelltiig furnace is of the kind commonly nsed in £njr](,nd. Figs. C929 to C931 sboic 
themethodof itsconstruction. Fig. G929 is a side elevalioD ; Fig. 6930. horizontal aection on Ui^ 
line A B of Fig. 6029, and Fig. €931 is a vertical section on the line C D of Fig. f>930. F is the 
flre-place ; G the ash-pit ; H Uie bridge ; I the test-ring, or hearth ; J tlie tuyere ; K, K, tnpportiDg 
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FittttMovCa Process, — ^This prooeea ia founded on the circqmntftnoe, fint notioed in the jmt 1829, 
by H. L. PattinBon, of KewcBstle-on-Trne, that when lead oontaining silver is melted in consjdafw 
able quantitiea in snitable vessels, allowed slowly to cool, and at the same time kept oonstaatH 
stirred, at a temperature near the melting point of lead« metallic crystals begin to form. These sins 
to tiiebottom, and, on being removed, are fonnd to contain much less silver than the lead originaUy 
operated on. The still fluid portion, from which the crystals have been thus removed, will at the 
same time be fonnd to be proportionately enriched. 

This operation is usually conducted in a set of from 9 to 12 pots, which, if worked by haDd, 
each contain 6 tons of metal ; or, if cranes be employed, are 5 ft. 4 in. wide and 2 ft 6 in. deep^ and 
contain 10 tons of argentiferous lead. Each of these pots, Fi^ 6834, 693£L is provided with a 
separate fire-place, the heat from which is made to pass around it by means of a wneel flue, which 
can be closed at pleasure by a damper ; the products of combustion finally escape into a laige 
arched fiue parallel with the line of pots. 

69S4. 
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We will suppose that the lead under treatment contains about 20 oi. of sUvar a ton, and 
introduced into pot 5, Fig. 6934. Tlds metal when ftised is carefully skinmied with a 
ladle, and the fire at once withdrawn. The cooling of the metal is now hastened by 
water on its surface ; and whilst the temperature is being thus lowered, it is kept oonstaitUT it 
with a chisel-pointed iron bar, called a slice. All those portions which become eolidifled, 
adhere about the side of the pot, are also removed and £aroed under the surfi^e of the metal, t 
order that they may again become melted. Under this treatment, crystals soon begin to make thei 
appearance ; and as they fall and accumulate at the bottom, they are removed bv means of a laig* 
perforated ladle, in which, after being well shaken, they are first allowed to drain over the 
whence they have been taken, and afterwards carried over to the next pot, 6, to the left of the w 
men. This operation is continued until about two-thirds of the lead originally present in pot 5 
been transferred into the form of crystals to pot 6, at which period the lead remaining in pot 
will contain about 40 oz. of silver a ton, whilst that transferred to 6 yields only 10 oz. The ~~'^ 
lead in the bottom of 5 is now ladled into the pot 4 next on the right. 

In this way a fresh supply of calcined lead is constantly introduced, the resulting 
passing continually to the left of the feeding pot, whilst the enriched lead, remaining in the 
IS ladled into the pot on the right Each pot in succession, when it has become filled with 
of the proper produce for silver, is in its turn crvstallizcd ; the poor lead passing to the left, 
that which has become enriched to the right in the series. By tnis means the crystals obta 
from the pots to the left of the feeding pot gradually become deprived of their silver, whilst 
rich lead passing to the right is continually enriched. The fini^ result therefore is, that at 
end of the line of kettles the lead contains but little silver, whilst at the other extremity it ~ 
exceedingly argentiferous. 

The desilverized or market lead obtained by this process should never contain abore 12 dwt. 
silver a ton, and is frequently much poorer, whilst the rich lead is sometimes so concentrated as 
yield 600 oz. a ton. This rich lead is passed to the refining furnace for cupellation. 

The ladle employed, when manual labour is made use of, is 16 in. in aiameter, 5 in. in deptb 
and pierced with ^-in. holes. When cranes are employed, the ladles are 20 in. in diameter, 6} in. is 
depth, and are pierced with holes } in. diameter ; thickness of iron, ^ in. ; length of ladle, 9 ft. 4 m. 
The large baling ladles used for turning back the bottoms are 14 in. in diameter and 8 in. deep, and 
have a handle 7 ft. long. 

Two crystallizers are employed in working each pot, and one fireman every twelve hours ii 
required for each set. By the use of cranes a 10-ton pot can be worked as quickly, and at the same 
expense for labour, as a 6-ton pot by hand ladles. 

Fig. 6934 is a plan, and Fig. 6935 an elevation, of a set of Pattinson's pots, fitted with cast-iron 
cranes arranged according to the most approved system ; 1 to 9 are working pots, and 10 the market 
pot, out of which the desilverized lead is ladled into moulds ; and which, from only leoetving the 
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cralBiB ftom 9, and not having a bottom of enriched lead left in it, has only two-thiidBthe capacity 
of the other pots. 

A long a«h-pit A extends the whole length of the set, and is partially covered by the iron plat- 
fixm B, auppoited on iron pillars. The fire-places a are provided with iron doors. 

When, aoring the operation of taking out crystals, the perforated ladle becomes chilled, it is 
h ea ted to the proper temperature by being ^pped into the pot of hot lead into which they are 
tnmedover. 

In order to work by the aid of this arrangement, the potman sinks the ladle sidewise to the 
bottom of the kettle^ and having turned it over, so as to be full of crystals, he attaclies a hook to 
the oron-handle a' of the ladle, Fig. 693i, wluch is then withdrawn by the other workman turning 
the winoh. 

In doing this, the iron shank slides over the roller 6, at the end of the crane d; and as soon as 
it is withdrawn from the fused me^ the first workman, who guides the handle during the opera- 
tion, slins it into one of the ohe^ c, at the back of the crane, where it becomes firmly secured. 
The ladle, full of crystals, is thus sus{>ended over the pot from which it has been withdrawn, and 
after being allowed a short time to drain, it receives a few shakes by jerking the iron handle. The 
onne is now swung round, the shank slipped out of the catch, and the crystals deposited in the 
next pot on the left. This is continued until the necessary aniount of orystais has been withdrawn, 
when the rich lead remaining in the bottom is taken out, in the same way, by a ladle without 
perforatkma, and turned over in the next pot on the right. In some establishments the lead 
ramaining in the bottom of the rich pot 1 is further concentrated by allowing it to cool to the crystal- 
lising point, and then pressing it with the convex side of one of the large perforated ladles. The 
still Ilqaid alloy is thus made to enter the bowl through the holes with which it is pierced, and is 
taken out with a smaller unperforated dipper. The lead thus obtained will evidently be richer 
than the orystais remaining in the kettle. 

Aminf of Silver, — The assav of argentiferous galena is, in England, usually conducted in a 

wioQght-iron crucible of plate iron, of good quality, turned up in the form of a crucible, and care- 

foQy welded at the edces ; the bottom is closed by a large iron rivet, securely welded to the sides, 

and the whole finiahed by the hammer on a properly-formed mould. To make an assay in a 

omeible of this description, it is first placed in the assay furnace, and heated to dull redness ; and 

when it has become sufficiently hot, 400 grains of the pulveris&ed ore, intimately mixed with its 

own weiffht of soda-ash, about 30 grains of pearlash, and from 8 to 10 grains of charcoal powder, 

or iMnp-bladk, are introduced bv means of a long copper scoop. With certain varieties of ore, the 

tddtttion of a small Quantity of common salt, or fluor spar, is found to be beneficial for the pro- 

dwotioD of a thoroughly liquid slag; finer spar being particularly advantageous in the case of 

bUily dliokms ores. On the top of this is placed a thin layer of dried borax ; and the crucible, 

wioeh, lor the introdnctiun of the mixture, has been withdrawn from the fire, is at once replaced 

in tbe ftimaoe. At first the contents of the pot boil somewhat violently, and therefore, in order to 

avoid loMj the omoible should be made cf siuQcient capacity to prevent any portion of the mixture 

being prqieoted over its sides. At the expiration of from eight to ten minutes, the ingredients in 

tbe erooiUe will be observed to be in a state of tranquil ftision ; and the pot must now he removed 

ftom the fire^ and its contents briddy stirred by means of a small iron rod, fiattened at the end in 

the fiorm of a spatula. Any matt^ adhering to its ddes are also scraped downward into the 

bottom of the pot, which is replaced in the fumaoe, and, lifter being olosed with an earthen cover, 

iiy during three or four minutes, heated to full redness. 

The omoible is now seized by a strong pair of bent tongs on that part of its edge which is oppceite 
to the lip; and, after being removed from the fire, its contents are rapidly poured into a cast-iron 
moold, having internally the form of an ordinary egg-cup. The sides of the pot are now carefully 
eoraped down with the chisel-edeed bar before referred to, and an^ adhering particles of lead and 
deg are obtained by sharply striking the edge of the crucible against the top of another cast-iron 
moold, similar to tluit into which the assay was first poured. When sufficiently cold, the contents 
of the mould are readilv removed by merely turning it over ; and the metallic button, after being 
■eparated from the adhering Blag, is carefully cleaned by means of a hard brush, and weighed, in 
otoer to determine the percentage yield of lead. When a metallic shot bas been obtained in the 
■eoond mould, it must he freed from adhering slag, and weighed with the larger button. The 
alloy thus obtained is cupelled, in order to determine the amount of silver which it contains. 

Ores of silver, in which that metal exists in the form either of oxide, sulphide, or chloride, in a 
gangoe principally consisting of silica or of carbonate of lime, are usually fused with a mixture of 
uthitfge and carlionate of soda, to which a small quantity of finely-powdered charcoal is added; 
Mid by this means a button of alloy is obtained, which is subsequently treated b^ cupellation. 

The proportion of litharge to be employed for this operation must be varied m accordance with 
the oirciunstances of the case, as the resulting button of alloy should not be too rich in silver, since, 
in that case, a portion might be lost in the skgs ; neither should it, on the other band, be too poor, 
as the enpellation would then occupy a long time, and a loss through absorption be the result In 
ordinary cases, where the silver principally exists in the form of chloride and sulphide, and the 
qoanti^ operated on is 400 grains, a button of alloy weighing about 200 grains will be a con- 
venient amount for oupellation. Such a result may generally be obtained by the addition of 300 
gndna of litharge, 400 eraios of carbonate of soda, 150 grains of borax, and from 7 to 8 grains of 
finelv-powdered charcoal. The whole is to be well mixed, and introduced into an earthen crucible, 
of whidi it should not occupy more than one-half the capacity. 

The omoible is now placed in an assay fumaoe of the usual form, core being taken to withdraw 
it frmn the fire as soon as a thoroughly liquid and perfectly homogeneous slag has been attained. 
When it has sufficiently oooled, the crucible is broken and the metallic button obtained, which, 
alter being properly cleaned, is passed to the cupel. When a great degree of accuracy is required. 
It is always best to break the pot ; but when numerous assays have to be made on ores of nearly 
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the same tenure, the assay is sometimes ponred into an iron mould, and the cruoible is em^qyed 
for making other fusions. In this, and all similar cases, it is, of conrse, essential to asoertam, bj 
previous experiment, the proportion of silver contained in the lead obtained by the redaction of the 
Utharge, in order to obtam the necessary data for calculating the requisite deduction to be made 
from the results afforded by cupel lation. When, however, very poor litharge is made use of, the 
resulting lead contains so small au amount of silver that, for some commercial purposes, its presence 
may be disregarded ; generally speaking, however, the aseayer, on the receipt of a firaih supply of 
that reagent, ascertains, by means of careful assays, the proportion of silver which it contains, and 
makes the necessary correction on each assay in which it is employed. 

Argentiferous minerals containing a considerable amount of copper may be generally assayed by 
this process, since the amount of that metal which enters into combination with the lead produced 
is comparatively small, and the resulting button of alloy admits of being readily cupellea by the 
addition, when necessary, of metallic lead. When the mineral to be assayed contains a large pm- 
portion of metallic sulphides, the addition of charcoal, or any other reducing agent, beoomes unne- 
cessary, as litharge readily attacks all the simple and complex metallic sulphides, oxidizing their 
constituents, with the exception of the precious metals, which form an alloy with the lead set free. 
The slags resulting from this operation contain the excess of litharge added, and the button of alloy 

S reduced is subjected to cupellation. The proportion of oxide of lead to be added to ores of this 
escription varies in aoconumce with their composition, but it should in all cases be present in 
decided excess, since, should the sulphides not become completely decomposed, the wlrale of the 
silver will not be concentrated in the resulting button of alloy. For the successful aosay of pure 
argentiferous iron pyrites, as many as 50 parts of litharge are required, whilst for mispickel, bloide, 
copper, pyrites, grey cobalt, and sulphide of antimony, from fifteen to twenty times their weigh 
may be employed. 

It must, however, be remembered that earthy and silicious gangues usually constitute a 
proportion of the bulk of the ores operated on, and consequently these excessive amounts of litbai 
are, in practice, seldom requisite. One of the chief objections to this method of assay is the lai 
amounts of lead that are produced for cupellation, since pure iron pyrites afford 8*50 parts of thi 
metal, whilst sulphide of antimony and grey copper ore yield from 6 to 7 parts. 

This inconvenience may be obviated by effecting the partial oxidation of the sulphides^ eitheK* 
by roasting or through the aid of nitre, by the skilful use of which a button of almost any requireJb 
weight may be obtained. If this reagent ia employed in excess it determines the oxidation of tb^ 
various metallic and other oxidizable substances present, not alwa^ excepting silver itself. 1 
however, the mixture at the ssme time contains an excess of htharge, and nitre has not 
added in sufficient Quantity to effect the decomposition of the whole of the sulphides present,^ 
reaction takes place between the portion of sulphide undecompoeed and the oxide of lead adc" 
This gives rise to the formation of a button of metallic lead, which, combining with the tSL 
affords a button of alloy suitable for cupellation. The amount of nitre requirea to be empkoji 
for this purpose necessarily depends on the nature and richness of the ore operated on, but it mos^^ 
be borne in mind that 2*5 parts of nitrate of potash are sufficient to completely oxidize theoon 
stituents of iron pyrites, and that 1*5 and 0*70 parts respectively are, in the case of sulphide 
antimony and galena, sufficient for this purposo. 

When the ores contain a large proportion of sulphides, it is generally found most desirable 
conduct the assay on the mineral after cnlcination. The roasting of the pulverized ore is b 
effected in a shallow scorifier, or earthen dish, into which a weighed quantity of the mineral to 
operated on, generally 400 grains, is intioduced, and then carefully roasted in the muffle of ^ 
cupelling furnace. For this purpose the scorifier and its contents should be first placed in th 
mouth of the muffle, and kept constantly stirred with a thin bent iron rod ; care being taken t 
commence the operation at a low temperature, since, from their great fusibility, such ores would b0 
otherwise liable to agglutinate. As the calcination progresses, the scoriner may be gradually 
pushed farther into the muffle, and thus subjected to successively increasing temperatures ; as soov 
as sulphurous vapours are no longer evolved at a full red heat, the scorifier and its contents ars 
withdrawn and allowed to cool. The ore, when sufficiently cold, is carefully removed from the 
earthen dish, and mixed, on a sheet of glazed paper, with the fluxes requisite for effecting its fusion, 
and the reduction of the quantity of lead necessary for cupellation. When the amount of minenu 
operated on is 400 grains, there should be added soda-ash 400 grains, borax 200 grains, lithane 
400 grains, and charcoal 10 to 12 grains. The whole is now introduced into an efiJ*then crucilMc, 
fused with the usual precautions, and the resulting button of lead passed to the cupel. 

This is a simple and convenient method of assaying ores containing the pnoious metals, when 
large (quantities of metallic snlphides are present. The process consists in subjecting the finely-- 
pulverized minerals, mixed with granulated h ad and placed in a saucer-shaped earthen venel or 
scorifier, to the action of a bright red heat in an ordinary assay rauffie. A portion of the lead is 
thus converted into litharge, which, as fast as it is produced, combines with the various siliciooa 
and earthy constituents of the veinstone, forming slags, in which the other metallic oxides po- 
duced are taken up, whilst the silver and gold form an alloy with the lead remaining at the dose 
of the operation. The scorifiera employed for this purpose should be made of well-baked close- 
grained fire-chiy. It is necessary that they should be compact in their structure in order to resist 
the corrosive action of the litharge, and that tliey should be capable of withstanding sudden 
changes of temperature without br^iking. 

A number of these scorifiera, corresponding to that of the assays to be made, are selected, and 
into each are introduced 100 grains of powdered raw ore, intimately mixed with from five to eight 
times its weight of granulated lead, and a small quantity of dried borax. In all cases, however, 
the lead should be added in excess, as the resulting slags are thereby rendered more liquid. The 
granulated lead used for this purpose should, if possible, be almost entirely free from silver, but 
this is difficult to obtain, and wnen it cannot be procured it becomes necessary to estimate before* 
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purpose. We have therefore confined onrselTee to deeoriptions of the more important and eenenl 
methods, and of such as can be taken as types of the several systems which tney repreaent. Bee 
Fdbnacb. Gold. Lead. Obes, Machines and Processes employed to Dress, 

Works relating to the subject ;— Lambom (Br. B. H.), * The Metallurgy of Silver and Lead,* 12mo, 
1861. Phillipe (J. Arthur), *The Mining and Metallurgy of Gold and Silver/ royal 8vo, 1867. 
Kerl's ' MetaUorgy/ by Grookes and Bohrig, vol. L, 8vo, 1868. Percy (Dr. JohnX * The Metalluzgy 
of Lead,' 8vo, 1870. *' U. 8: Geological Exploration of the 40th parallel," vol. Ui., < Mining Industry/ 
by J. D. Hague and Glarence King, 4to, with atlas, Washington, 1870. Baymond (B. W.), 'Sta- 
tistics of Mines and Mining,' 8vo, Washington, 186d-72. 

SLEEVK Fb., Manche; Geb., Helm ; Ital., Monica ; Span., Dedal largo. 

In machinery, a sleeve is a tubular part, resembling in form or position the sleeve of a coal, to 
cover, sustain, or steady another part that moves withm it. A long bushing or thimble is called a 
sleeve, as in t he nave of a wheel. 

SLOTTING MACHINE. Fr., Machine h huriner; Geb., Stostmaschine ; Ital., PiaUa wrUoak: 
Span., Mdqttina para haoer muesccu. 

See MAOHiinE Tools. 

SPINDLE. Fb., Broche; Geb., Spindel; Ital., AJberetto; Span., Huao, 

A spindle is a slender pointed rod or pin upon which anything turns ; an axis, or arbor ; as, the 
spindle of a vane, a pinion, or a capstan. The dead spindle ia the arbor of a machine tool that does 
not revolve; the spindle of the tail-stock. The lioe spindle is the. revolving arbor of a marJiine 
tool ; the spind le of the head-stock. 

SPIBAIj- WHEEL. Fb., Soue h^UcoSdale; Geb., Spirdlrad; Ital., Huota eUooide ; Span., Rueda 
espircd. 

See Meobanioal Movements. 

SPUB-WHEEL. Fb., £oue denize; Geb., Bttmrad; Ital., Buota deniata; Span., Studa it 
engranaje. 

See Meohanioal Movements. 

SQUEEZlSt. Fb., Machine b eingler; Geb., Presse; Ital., Strettoio del ferro; Bpav., Apr$' 
tador. 

See Bloomino Maohinb. Ibon. 

STATIONABT ENGINE. Ve.^ Machine fixe; Geb., fftationaire Dampfmasehme ; Ital, 
Macchina fisaa ; Span., Mdquma fija. 

The stationary engine is the most perfect form of the steam-engine we possess. In the looomih 
tive and the portable types, by reason of the conditions which they have to fulfil, it is impoasibls 
to apply manv of those means by which steam, and consequently fael, is economized, and the 
efficiency of tne engine increased. In the stationary engine, any and all of the means by whieh 
these objects may be attained may be adopted, because the conditions under which it works admit 
of any modification being effected in the form or the arrangement of the various parts. Hence is 
find, in this type, economy of steam carried to its highest degree, and the most sucoeasftd modes of 
applying it advantageously. It is for this reason tiiat the discussion of certain improvements in 
the stefum-engine has been reserved for the present article, which improvements, though apjdied to 
some extent to other types of engine, yet originated in this, and belong more properly to it. 

Stationary engines are of two kinos, called respectively low-pressure and nicfb-pressure engmea 
These terms do not refer to the initial pressure of the steam in the cylinder, but to its final 
pressure. The terms are, however, inappropriate, since they do not express ths distinctive dtf* 
ferenoe between the two varieties of engme. This difiTerence may be briefly expressed as foUows;— 
The high-pressure engine discharges its steam directly into the atmosphere ; and consequently the 
steam on leaving the cylinder must possess an elastic force equal to at least 15 lbs. to the IndL 
The whole of tUs force is of course wasted. The low-pressure engine condenses its steam tad 
discharges it as water, and consequently the pressure of the steam on leaving the cylinder may be 
much less than that of the atmosphere. Thus a large proportion of the steam wasted by the iugb- 
pressure engine is utilized. The terms condensing and non-condensing would therefore be fiar man 
appropriate than low and high pressure. 

The condensing engine is provided with a separate vessel to condense its steam in ; this remA 
IB called the condenser, and is in direct communication with the cylinder. When the piston has 
completed its stroke, the exhaust-port is placed in communication with the condenser, into which 
the steam at once rushes. To condense i^ a jet of cold wator is made to play constantly inside the 
condenser, and the latter is kept cool by being surrounded with cold wator. To effect this a pump, 
called the cold-wator pump, is applied to the cistern in which the condenser is submerged. Tb^ 
cold water thus supplied nas a tendency, from ito comparative weight, to sink to the bottom, while 
the warm portion rises to the surface, ana flows off through a waste-pipe. To remove the injeded 
water, with the water resulting from the condensation of the steam, from the condenser, another 
pump is provided, called the air-pump, because it removes at the same time the air which enters in 
a flxed form with the water, and which is liberated by the heat of the steam. This air, if allowed 
to remain, would vitiato or destroy altogether the necessary vacuum. It is most neoeasazT for the 
efficient operation of the engine, that the state of the vacuum in the condenser should be at aU 
times known. For this purpose an indicator is adopted, called the barometer gauge, forming ona 
of the most importent appendages of the condensing steam-engine. 

This instrument, as its name imports, is a common barometer ; but the top of the tube, instead 
of being dosed, is made to communicate with the condenser. The atmospheric pressure aottnc, 
as usudin barometers, on the mercuiy in the cistern, presses a column of mercury up the tube] If 
the vacuum in the condenser were as perfect as that which is at the top of the barometiio tnbe^ 
then the column of mercury in this instrument would stand at exactly the same hdght as in the 
common barometer ; but as this is never the case, there is a difference of height wmoh la doe to 
the piessure of uncondensed steam and air, which, notwithstanding the action of the air^mmp. 
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vill ftlwajs lemain in greater or \em quantity in the condenser. Tlie difference, therefore, between 
the haight of the oolnmn of merooiy in the barometer gauge communicating with the condenser, 
and in a fame barometer placed near it, will give, in inches of mercury, the pressure which reacts 
upon the piston against the steam. In well-kept engines, the barometer gauge is seldom more 
than 2 in. below the true barometer, which would give a pound to the inch for the pressure 
reacting on the piston. If the barometer gauge stand too low, it indicates the presence either of 
oondenaed Tapoor or of air in the condenser. This may arise either from too little or too much 
water being thrown in by the condensing jet. If too little bo thrown iu, the condensation will be 
imperfeety and onoondensed vapour will lower the gauge ; if too much be thrown in, an acoumula- 
tioQ of air will be produced faster than the pump can remove it, and the gauge will be similarly 
affooted. The regulation of the jet is thus a matter which should be carefully attended to. The 
oock which regulates the jet has a handle to which an index is attached playing upon a divided 
Boale ; and according to the position of that index the cock is more or less open or closed. 

The influence of the condenser upon the work of the engine is exerted in two different ways. 
In the first place, it acts by the extent of the partial vacuum which it offers to the steam to 
expand itself in; and, in the second place, by the cold water injected to condense the steam. 
There are therefore two principal points to be considered in applying a condenser to an engine. 
Fliat, the extent of the partial vacuum, in other words, the capacity of the condenser and its inlet 
paasaffes, relatively to the volume of the steam to be exhausted into it : and, second, the quantity 
of cola water to be injected according to the temperature of this water and the volume or weight of 
the steam and its temperature. 

The following physical law constitutes the general principle accord ins to which the former of 
these points is determined ; namely, that when communication is establlBhed between two vessels 
each containing the same liquid, but at different temperatures, equilibrium of tcnsitm between the 
Yvpoan which they emit taKes place in the two vessels according to the tension corresponding to 
the vapour emitted by the colder liquid. Applying this law to steam-engine condensers, it may bo 
obaerved that the condenser is almost wholly emptied of air, and contains only water, which emits 
steam capable of saturating the space, or at its maximum clastic force, whilst the other vessel, that 
is the cTlinder, contains a large quantity of steam at a higher tension, but out of contact with tho 
water which emitted it. . Thu steam, on entering the condenser, expands like a permanent gas, 
aecoiding to the sum of the volumes of the cylinder and the condenser. Such, at least, is what 
takes jdace at the moment when the two are put into communication with each other; but as 
eondenaation begins at once, tho tension is gradimlly reduced till finally it becomes equal to that of 
the ateam emitted by the water in the condenser. It is true that to obtain this result there must 
at the same time bo added the quantity of cold water neoessarv to take up the heat evolved by the 
■team in the act of condensation, otherwise this heat would be token up by the water previously 
contained in the condenser, and the temperature of this water being thereby raised, the steam 
emitted would possess a degree of tension much greater than that which existed at the moment 
when the two vessels were placed in communication. Ck)nsequently, as the effect sought is really 
obtained only by the addition of cold water, which evidently requires a certain time to operate, it is 
a matter of practical importance to give the condenser such a capacity that the steam on entering 
may be greatly expanded even before condensation begins to take effect. These considerations lead 
ns to condn^ that the capacity of the condenser should not be less than one-third of the volume 
generated by the piston during a single stroke, and this conclusion is fully borne out by experi- 
ments and the practice of the best makers. Another rule, proposed by a French authority, is to 
make the volume of the condenser equal to three times that of the steam contained in the cylinder 
at the moment of being cut o% supposing the steam to have a tension of five atmospheres. • 

The second point, namely, the quantity of water to be injected, has been fully discussed under 
Details of Engines, to which article the reader is referred for information on this subject, as well as 
on Uiat of the air-pump. 

The use of the condenser is to reduce the back pressure on the piston, and, ns this bock pressure 
is exerted with equal force throughout the stroke, the gain is considerable. In an engine working 
with a pressure of five atmospheres and without expansion, a saving may be effected of one-fifth of 
the total work developed ; and in an engine working under the some pressure, but with the steam 
ent off at one-fifth of the stroke, the economy may be as great as one-fourth. Thus it will be seen 
that in all cases the condenser is a source of economy varying in amount from 20 to 30 per 
cent., the greater amount being reached with high degrees of expansion. It may be remarked, 
however, that the difference between the barometric gauge and the l)aromoter does not represent the 
•ctnal gain of effective work ; a portion of this gain is absorbed by the pumps, which are driven by 
the sleam^iston. The first cost is also considerably enhanced, a matter deserving consideration 
when estimating the advantages of any system. The above results show, however, that when 
eoonomj of fuel is important, the gain is sufficient to render the adoption of the condenser desirable 
wherever it can be conveniently applied. 

The employment of steam expansively constitutes another notable source of economy, inasmuch 
as a Yerj considerably larger proportion of work may be obtained from a pound of steam when used 
in this way. If^ for example, we take an expansion of 10 times, the hyperbolic logarithm of 10 
being 2*80, we see that the work developed upon the piston during the period of expansion is more 
than twice that which would have been developed by the same quantity of steam during admission. 
But it must not be forgotten that this increase of volume in the ratio of 1 to 10, increases in the 
same proportion the resisting action of the back pressiure. This action must therefore be reduced 
mB much as possible by the employment of the condenser. For this reason all engines in which 
a high degree of expansion is carried out should be condensing engines ; the degree to which 
expansion may be carried out in a steam-cvlinder is limited by practical considerations. It will be 
observed that the piston, which is urged by the force of expansive steam, is actid upon by a con- 
tinnally HiminiAing power of impulsion. When the pressure of the steam becomes, by expansion, 
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less than the load which such piston drives through the intervention of niaohinery, inelnding the 
friction of the machinery itself, then it is dear that the moving force will cease to be efflcaaoii% 
and that the piston must come to rest. The expedient by which the expansive prindple may be 
most conveniently extended, is to use, at the bej^inning of the stroke, steam of high p ieawu e and 
great density. This brings us to the consideration of another limit in a different directum. It ii 
impossible with steam to have a change of pressure without a corresponding change of tempeimtiire^ 
and this chcmge of temperature is pn^uctive of a loss of power in an engine-cylinder. This Ion 
may be thus explained. When the exhaust-valve la opened, the steam rushes to the oondMifler, and 
the vapour remaining in the cylinder, together with the condensed water adhering to its sides, an 
almost instantly cooled to the temperature of the condenser, and the surfietoe of the cylinder is 
thereby cooled in a greater or lees degree. The fresh steam, on entering for the next stroke, couMi 
in contact with the previously coolea metal, and a portion of it is condensed without doing any 
work. This is repeated at every stroke, and in all engines is the source of a considerable lots oif 
heat. This loss is necessarily greater, the greater the difference of temperature between the steam 
on entering and when being exhausted from the cylinder. When the degree of expansion is 
increased, the initial pressure must be increased also, and consequently steam of a higher tempem- 
ture must be employed. The wider range of temperatures thus occasioned causes a greater loss of 
heat. There are two well-known expedients by which it is sought to lessen this loss, namely, the 
steam-jacket and superheating. The former acts by preventing, to some extent, the cooling of tbe 
cylinder ; and the latter, by making the steam dry and a bad conductor, produces the same eflSoct, 
while at the same time the condensation of the steam is prevented. These expedients diminish the 
loss of beat from the causes previously mentioned, but they do not prevent it altogether. As expansioa 
is increased, the duty of the fuel is not increased at the rate shown by the theory of expanskn. 
But, on the other hand, the loss of heat increases in a greater ratio than the gain of power due to 
expansion. Of course, as soon as the increase of loss balances the gain, economy can go no fiirther. 
This limit is reached at different points, according to the different circumstances mider whioh 
expansion is carried out 

To use high grades of expansion, and at the same time to avoid the loss of power resnltisg 
from the consequent wide range of temperatures, a method has of late years been adopted* and is 
now rapidly coming into fitvour, of expanding the steam in two cylinders. We shall zetum later to 
the consideration of this double-cylinder or compound engine. 

The economy of fuel resulting from the employment of steam expansively is consideisUe. 
Speaking generally, this economy may be said to vary from 25 to 50 per cent. The theny of 
expansion, as well as several other questions relating to the production and employment of steuii, 
has been fully treated of under Boilers, to which article the reader is referred. 

A pound of coal consumed in tlie furnace of a steam-engine will produce a certain mechanical 
effect, and the amount or quantity of mechanical effect thus producea may be measured in foot- 
pounds, that is, by the number of poimds raised 1 ft. high. This effect is called the duty of tbe 
fuel, or more usually, the duty of the engine. The duty of an engine is therefore not the amount 
of work developed by the fuel in producing evaporation, but only that portion of the total work 
developed by the steam which is available for the work to which the engine is applied, the difference 
being absorbed by the engine itself. The duty of engines varies within very wide limits. In some 
instances in which expansion and condensation are carefully and intelligently carried out, we find 
a consumption of 1*5 lb. of coal to the horse-power an hour; in othersHhe consumption is as nmch 
as 7 or 8 lbs. The duty of a Cornish pumping engine is usually estimated in pounds of water lifted 
1 ft. high by the consimiption of a bushel of coals. As high a duty as 125 millions of poands 
has been reached by this class of engines. Such results must, however, be regarded as altogether 
exceptionaL The more common duty obtained from a well-managed engine used in the miaiD^ 
districts is from 65 to 75 millions. The duty of an engine is not to be confounded with its pover. 
The duty, as we have seen, is the work developed by a given weight of coals without reference to 
time. Thus, whether a bushel of coal raises 70 millions of pounds a foot high in one hour or io 
twelve hours, the duty of the engine is the same. But tlie power of the engine is quite different, 
being estimated by the work it is capable of performing in a given time. Hence, while the duty of 
the engine is measured by the number of pounds raised 1 ft. high, its power is measured bj tbe 
nimiber of pounds raised i ft. high in one minute. To avoid the large nimibers involved in thia 
mode of estimatino^ the power of an engine, it is customary to express it in terms of the higher nmt 
horse-power, which represents the power requisite to raise 33,000 lbs. 1 ft high tn one minute. 
Thus an engine of 10 horse-power is capable of raising 330,000 lbs. 1 ft. a minute, or about io 
millions of pounds an hour. This is known as effective horse-power, to distinguish it from nominal 
horse-power, the latter being a term somewhat oipriciously employed by makers to express oertam 
cylinder capacities and dimensions. In determining the dimensions of a boiler for a stationary 
engine other than the Cornish engine it is customary to assume that for every effective horse-pown 
to be exerted by the engine, 1 cub. ft. of water an hour must bo evaporated by the boiler. This 
allows a very large percentage of waste in the engine, greater probably than ever takes place ; 
but the error is on the safe side, and the rule may be considered as sufficientlv accurate in practice. 
When, therefore, the term horse-power is applied to boilers, it is to be understood as indicating 
their capability of evaporation at the rate of a cubic foot of water an hour. Thus a boiler of 
50 horse-power is one capable of evaporating 50 cub. ft. of water an hour, the furnaces bdng 
worked in the ordinary way. The dimensions of the grate and the extent of heating surface 
necessary to produce this rate of evaporation vary more or less according to the practice of different 
engineers ; but generally it is agreed that 1 sq. ft. of grate surface is requisite for every horse- 
power in the boiler. Thus it follows that as much fuel is consumed an hour npon a square 
foot of grate surface as is necessary and sufficient to evaporate a cubic foot of water. The extent of 
heating surfietce in the boiler is generally estimated at the rate of 15 sq. ft to the horse-power. 
Thus a boiler of 50 horse-power requires a heating sur£fice of 750 sq. ft. In the Oomish boiler, oq 
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•oeoant of the alow combotUon maintained on the grates, 2 sq. ft of the latter are allowed to 
the borse-power, and the extent of heating surfiice is increased fonr or five times. 

In proportioning the dimensions of the cylinder, it is usnal in stationary land engines to make 
the diameter equal to twice the stroke of the piston. With respect to the absolute dimensions, it is 
obTions that the magnitude of the cylinder and piston necesaaiy to produce a given power must 
depend upon the pressure of the steam after it has entered the cylinder and the velocity with which 
the piston moves, the degree of vacuum on the other side of the piston, and the grade of expansion 
esmed out. When the piston and other reciprocating parts of the machinery change the direction of 
their motion at the end of each stroke, they will be, for a short interval, before and after the change, 
sooelerated and rotated. This acceleration and retardation is still greater when the steam is used 
expansively, since, in that case, the impelling power varies in intensity. In practice, however, the 
irregularity is efifused by the momentum of the fly-wheel, and we may assume for the purposes of 
oaleQlation that the motion of the piston is uniform. The question which then remains is, what 
determines the rate of this uniform speed ? In other words, what are the conditions that determine 
whether the piston shall have a velocitv of 100 or 200 ft. a minute ? The velocity of the piston 
will depend upon the rate at which the boiler is capable of supplying steam of the requisite tension 
to the cylinder. Suppose, for example^ that the resistance on the piston is equal to a pressure of 
20 lbs. to the square inch of its surface. To drive the piston at any given rate, the boiler must be 
ctpahle of supplying steam at a tension of 20 lbs. in sufficient quantity to fill the space swept 
thrm^ by tibe piston in a given time. As an illustration, let us assume that the required epeed is 
200 ft a minute and that the area of the piston is 78*5 sq. in., corresponding to a diameter of 10 in., 
which, expressed in square feet = *545. Then to enable the piston to advance through a space of 
200 ft, it must be followed by a column of steam 200 ft. in lex^^ and *545 sq. ft. in section, which 
equals 109 cub. ft. of steam. ' But the relative volume of steam at a pressure of 20 lbs. as compared 
with the water bom which it is produced, is that of 1222 to 1. Dividing, therefore, we have 

— --■ = '069. The boiler must thus be capable of evaporating •069 x 60 = ff •S4 cub. ft .of water 
1222 

sn hour. That is, allowing a margin for the increased resistance due to the speed, the boiler must 
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By moans of the fbremiliiK T&ble man; praclical problems abnilar to the preMding and of graat 
utility, mny ba solved iritli the aid of common aritlimetio alone. The tetaperatares eonBapoadiag 
to the pressures From 1 to 5 Ibg. are taken from Rankine ; the wbole of the remaining qnantitiea we 
have carefult; caloulated. Tlicy vill 1>e faund to vary somewhat from tboM of dmiJar t&blea tliat 
have bee[i puLItshod ; but it 19 believed that they are more aocnrate, tlie formnlie by whioh they 
were calculated being fully oon&mied bv tbe elaborate calcvlatioiiB of Zeaner and BauklDe 
respecting the relation exisdng botweea the latent heat of evaporation, 
, speciflc volume of steam. 

The following examples illnstruto the nse of the preceding Table ; — 

1. A boiler is capable of evaporoting 20 cub. ft. of water an hour. 
the cylinder being 20 lbs., what must be the diameter of the cylinder to give a pi 
200 ft. a minute? 

By referring to the Table, we And the relative volome for 20 Ibe. to ba 1222. Hoioe 

^ = 407 '3 is the number of cubic feet of steam that will pass through ths cjlindw a 



mtnute, and 



407'3 X IH _ 
200 



3-2sq.ii 



= the area of the piston. A tsbla of ueaa wiU at ODce 



give the diameter. 

8. A piston 20 in. in diameter is required to move wilu a Telocity of 200 ft. a minata 
gross reeislaure of 10,000 lbs. ; it is lequireil to find the requisite boiler power. 

A table of areas gives 3H ' 1 sq, io. for a diaoietor of 20 ia. As the reaia 

the preeanre to the square inch will be qTTTT = 81 '8 lbs. 
Table is 32, the relative volume oorrosponding to which is 
reetbeing2-18l, thepowetof the boiler- ** 



7SG 



resiBtanoe la 10,000 lbs., 
The nait greater pressure to this in the 
T8Q. The area of the piston in square 
GO ' 
— = 31 ■ 77, say 32 hone-ptnrar. 



3. Given a piston 30 in. in diameter, supplied by a boiler of 50 horse-power, it is required to find 
the presBure to tho square inch that can be given to the piston when the latter has k Telocitj at 



The area of the piston ia 706 - 8 sq, In. s 1 ' 908 sq, ft. Hence 



4-908 X 200 X 



= 1177 ■», th» 




number of cubic Inches of steam that would t>e produced by a cubic Inch of water. TIm neareafc 
Dumber to lliis in the Tablo is I1G7, and the pressure corresponding to tlii« nomber is 21 lbs. W^ 
may therefore assume that the required pressure is 20f lbs. 

4. Given a piston 40 in. in diameter, and a bniler of 60 horse-power; it is required to find tM 
what vulocit; tho piston mny be driven against a resistance of 20 lbs. to the sqnare inch. For ^ 
pressure of 20 Iba. the Table gives 1222 aa the relative volume. Hence 1222 x 60 = 61100 is Gum 
number of the cubie feet of steam that passes through the cylinder an honr. The area of the p;~ 
in square feet being 8'72,wo have ^^=t — ^ = H6'E 

The compound system of engine, to wbicli we have already alluded, consists essentially in rnrwlr^ -m 
the steam through two cylinders of uneqa.il dimensions, the second and larger serying as k j^tiA »-— ^-— 
reoeiver to the first, the steam from which it uses a second time by expansion. It was to r " 
more effectually tho principle of eipaneioa that the system was first introduced, and the bi_ 
which baa been attained in snch as to render it one of the greatest improvements of recent yi 
And it is not difficult to discover the cause of tills success. We iiave already deacribed 
eflTects of a wide range of tern ]ierat ores, or, which is the same thing, a wide mnge of prewnree 
one cylinder. By earning out the expansion in two cyhnders, these ill effects are diminiahed is 
considerable degree. Also whea a high grade of cxjiansian is carried out In one oylindar, i 
variation of pressure necessitates relatively larger dimoiisiane in the parts through whioh the ( bL ■ 
is transmitted, and, moreover, produces an irregular velocity which con be modified only \)j mim "■ 
of a heavy lly-wboel. By using two cylinders, the pistons of which work together with differ^v^ 

Sressures, the inequality of the strains ia certainly not nllogether avoided, but it Is grea^fc.' 
iminished. Thus the objections to very high grades of eipansioi) aia by this mesms, tc^ 
considerable extent, removed. 

The invention of the compound engine is due to Horn- 
blower, wlio flrat made the sjatem known in the ytar 
1781. It was not, however, mrried into eflbct till more 
than twenty years later, by Woolf, under whose name it 
was for a long time known. Recent years have witnessed 
considerabto improvements in this clnss of engine, chief 
among wliicli miist be reckoned the constructiou of engines 
with tho two cyhuders connected to cranks at or near 
rigbt angles to each other, uud the placing of a receiver 
between tlie two cyliiidora. 

In the accompunyiug diflgmm. Fig. 0936, which we 
have introduced for the purpose of explaining the Hi;tioa 
of the compound engine, wo have supposed, in order to 
make the cuurso of (he slesin apparent to Ihe eye, that tho 
exhsust-pnssage from the small cylinder posses round it, 
and directly into the valve-box of the large cylinder. The 

piston of the small cylinder is driven by tho bteam from the boiler iu the same way m in a rinjle- 
cjlinder engine, and either with or without cxpanaiou. When tho stroke of the piston in eitiur 
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dinotkn it oompleted^ the steam, ingtead of eecaping into the atmoephere or into the eondenaer, is 
oondneted into the Talve-box of the large cylinder, whence it exerts its pressure simultaneously 
vpBKk the two pistons. As these pistons are connected to the same crank-shaft, they complete their 
•Mre togpether, so that all the steam from the small cylinder passes into the large one. Oonsc- 
mnnfly, sapposing for the sake of simplicity that the steam is not expanded in the small cylinder, 
u is ezpaiMled in the ratio of the Tolumee generated by the two pistons, and this ratio marks 
the degne of expansion carried out At the next stroke the same effects are produced in the 
cootimiy direction, and the former cylinder full of steam is exhausted into a condenser in the 
vsoal way. 

In the figure both pistons are supposed to be descending. The steam from the boiler enters 
aboTO the small piston, whilst that beneath it, and by which it wus raised at the preceding stroke, 
pasns out and enters above the large piston, the lower portion of the large cylinder being then in 
wwnmimicatiop with the condenser, in which the steam is exhausted that had entered from aboye 
the small pistoD. In most beam-engines the two pistons move in the same direction. In such a 
ease, the steam-passages cross, that is, the steam passes firom beneath the small piston to enter above 
the large one, and the reverse. But when the motion of the pistons is in contrarv directions, the 
steam-passages are direct, that is, on issuing from the small cylinder it enters directly into the 
oofTsspcniding end of the large cylinder. Such details, however, in no way affect the general 
prindple. 

The pistons may be either equal or unequal in stroke or in area, but an essential point is that 
tiiej must generate ditlmnt volumes. It is an interesting fact that the work develop^ b^ a given 
volmne of steam is exactly the same whether expanded in one cviindor or in two. This fact is 
deariy proved by the following simple means, proposed by Ponoelet. It has already been shown 
that the absolute quantity of work generated by a given volume of steam by expansion is measured 
by the increase of volume which it has acquired and by the initial pressure. This being true for 
the total increase of volume and the total quantity of work, is not lees true for each partial increase 
of volome which develops a partial quantity of work, the measure of which is also this increase of 
Tolnme and the mean pressure at the moment when it takes place. Suppose, then, two cylinders, 
A and B, Fig. 69S7, in which the two pistons advance simultaneously by a certain quantity. If wo 
take an instant when the steam is confined in the spaces 
and D, and if in passing from G to D the pistons advance by 
infinitely small quantities h and h' respectively, the steam 
developa in the same time upon the large piston a certain 
qoantity of work, which quantity must be diminished by that 
generated ss resistance to find the expression of the work really 
cflSsetive. The value of the work developed in the two cases 
ii eridentlT the product of the area of the piston bv the space 
ihzongh which it has mo?ed and by tiie pressure of the steam, ^ 
irhieh at anv given instant of time is the same in boUi cylin- w* 
^ien, Binoe they are in communication with eadi other. There- 
fan^ lepresenting the area of the large piston by 8, the extent 
«f its iorward motion by A', the area of the small piston by 5, 
the extent of its forward motion by A, and the common and mean pressure on the unit of surface 
during this infinitesimally small extent of forward motion of the two pistons by P, the quantity 
of won developed during this forward motion of the pistons is, 

(PxSxAO-(Px»xA) = P(SV- 8h). 

But the iSMtor 8 A' s s A is the exact expression of the increase of volume of the steam at the moment 
eonsidered ; therefore each partial quantity of work developed by the steam is proportional to its 
partial inoreaae of volume ; which it was reqidred to prove. 

Thus, whether we make use of two cylinders or one, the quantity of work will be the same for 
a given deeree of expansion, the initial pressure being, of course, the same in both cases. And 
thia is evidently independent of the stroke or the diameters of tne pistons. We may therefore, 
without going into further particulars, state that in determining the oimeosions of the cylinders of 
a Woolf engine the volume generated by the large piston is equal to that of the single cylinder for 
the same power, the same degree of expansion, and the same initial pressure, and that the volume 
aeneratedby|the small piston is equal to that of the steam before expansion, suppoeiog expansion to 
he oanried out wholly in the large cylinder. In other words, the ratio of the volumes generated by 
the two pistons is simply the degree of expansion carried out, when expansion is not begun in the 
■mall cylinder. In the contrary case, the ratio of these two volumes becomes the quotient of the 
degree of total exnansion divided by the expansion effected in the small cylinder ; but the volume 
of the large cylinder is invariable, whether expansion be carried out in it alone or in both, the small 
cylinder only being affected by the latter condition. 

With respect to the back pressure in a compound engine, other things being equal, this pressure 
produces a resisting force measured by the volume which is generated by the piston upon which it 
acts. But as the large piston of a double-cylinder engine generates precisely the same total volume 
as that of a single-cylinder engine working with the same degree of expansion, the back pressure 

Eroduoee the same amount of resistance in both cases. Consequently, compound engines are calou- 
ited in precisely the same manner as ordinary single-cylinder engines worked with expansion. 
A very ready method of making, by means of a I^ble, the requisite calculations relating to 
the expansive action of steam in either single or double cylinders has been proposed by David 
Thomson, in a paper recently read before the Association of Foremen Engineers. As tms^Table 
will be found of very great use to practical men, we give it, with a few of the author's remarks 
thereon, which will duoidate some of the questions respecting compoxmd engines in which opinions 
aie divided* 
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Steam Wobkid Ezpanbitelt. 

Table of Mean and Initial Pressuiea in the Cylinder. On the euppotdtion that the pieMores are 

invereoly as the volomes. 





Points of Cat-ofr 


Degrees of Expan- 


HTperbolio Mean Pressares 


Initial Prearares In ) 




in fractions of the 


sion, or number of 


Tiogarithms of the daring the Stroke, 


Cylinder, tlie mean 






Stroke, reckoned 


times the Steam is 




pressures being 






from the beginning. 


expanded. 


of Expansioa. being 


taken as 1. 


taken aal. 






} 


li^ 


•2876 


•965 


1036 






• 1 


«s 

If 


•3506 


•949 


1-054 






1 


•4055 


•937 


1-067 






•5108 


•904 


1-106 






1 V 


2* 


•6931 


•846 


1-182 






2* 


•9163 


•766 


1-305 








3 


r0986 


•669 


1-495 






1^ 


JH 


1-2040 


•661 


1-513 
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4- 


4 


1-8863 1 


•596 


1-678 
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5 


1-6094 


•522 


1-916 






I u 
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6 


1-7918 


•465 


2-105 






7 


1-9459 


421 


2-375 






8 


2-0794 


-385 


2-598 






!) 


2-1972 


•355 


2-817 






10 


2-3025 


830 


8*030 






11 


2-3979 


309 


8-236 






I I 


12 


2-4849 


290 


8-448 






13 


2*5649 


274 


8-649 






14 


2-6391 


260 


8*846 ' 






15 


2-7081 


247 


4-048 






16 


2-7726 


236 


4-287 




17 


2-8332 


226 


4-425 




18 


2-8904 


216 


4-629 




• 19 


2-9444 


208 


4-807 






1 » 

1 


20 


2-9957 


200 


5-000 






10 


21 


30445 


192 


5-208 






¥ t 


22 


8 0910 


186 


5-376 




• • 

I ft 


23 


3-1355 


180 


5-555 




24 


3 1781 


174 


5-747 




25 


3-2189 


169 


5-917 





'* I now proceed to show how the calculations connected with compound and other ex^ 
engines may be made with ease and rapidity by means of the Table. These calculations are 
miMle by means of diagrams of expansion, or expansion curves, drawn on the same principles 
which this Table is Ciilculatedf but I haye always found such calculations to be made more impii 
and accurately by means of a table than a diagram. 

^* When steam is expanded in the cylinder of a steam-engine its pressure at any part of thest 
is yery nearly inversely proportional to the volume it occupies. This is not exactly the case, 
Tery nearly so, and in nlmost all indicator diagrams it is found that the pressure is slightly gre. 
than it ought to be by this rule. If, therefore, the size of a cylinder is calculated on the suppoei. 
that the pressure of the expanding steam is inversely as the volume, a slight error may be ezpec 
on what engineers often call the ' right side ' — that is, the size will be slightly above what is a 
required. 

** The Table is calculated on the supposition that this rule is accurate. To give an example 

application, let it bo required to find the area of a cylinder to yield 100 I H P., with a maxi 

pressure of steum of 60 lbs. above the atmosphere, an expansion of six times, bcusk pressure 2 lbs. 

square inch, and a piston speed of 300 ft. per minute. 

33000 V 100 
** Here tlie average pressure'required on the piston to give this power = —- = 11000 

Next, maximum pressure of steam above the atmosphere = 60 lbs. 
Add pressure of atmosphere 15 „ 

Maximum total pressure 75 lbs. 

** Referring to the Table, in the line for six times expansion, we find that in these clreu 

the average pressure over the whole stroke = 75 x *465 ^ 34*875 Ibe. 

Deduct back pressure 2*000 „ 

And we have the mean effeotive pressure over the whole stroke .. = 32*875 lbs. 

11000 
** From which it follows that the area of the piston = rx-^=-f. = 335 sq. in., and a table of e. 

32 * 875 

of circles gives the diameter of the cylinder = 204 in. 

"When a high degree of expansion is effected m one cylinder, the maximum strain on the crnff^i-. 

pin is much larger than the average working pressure over the length of the stroke, as is very^ 
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ekttrly shown b^A referenoe to the Table. To diminiah this ezoesBiTe fltndn \b the objeot Bought 

in emplojmg two oylinden to work conjointly, the one leoeiying the steam £rom the other, and thus 

ftnning what we call a compound engine. 

** If, in the example we have taken, the six times expansion had been carried out in two cylinders, 

the mechanical eflBMt dereloped would have been exactly the same ; and so also would have been 

the final pressure. It is reaclilT seen that if the final pressure is the same in botiti oases, and the 

quantity of steam used is also tne same, the capacity of the large cylinder of the compound engine 

most be the same as that of the singlchcylinder engine of the same power, and working with the 

Mme degree of total expansion. All that is necessary, therefore, in calculating the size of the larffe 

cylinder for a compound engine is to calculate, in the way we have already done, the size of a sin^e 

cylinder to develop the required power with the given initial pressure and the given amount of 

expansion. This will be the size required for the large cylinder of a compound engine to develop 

the given power ; and the onl^ use of adding a small cylinder to it is to moderate the maximum 

strain on tne onmk-pin, and give a more equable development of power over the whole stroke of tiie 

pistOQ. This being the object aimed at, it is best to make the size of the small cylinder such that 

the maximum stnun on the crank-pin shall be the smallest possible under the given conditions. 

Dr. Pole, in a paper on Compound Engines, shows, for the Woolf form of eng^e, tlutt this is effected 

. ^ Area of large cylinder . n i- j 

by making — '^ '' = area of small cylinder. 

VBegree of expansion 

** The rule applied to the example we have already taken would give 

835 
Area of small cylinder = —j-^ = 187 sq. in., and 

Diameter = 18} in. 

** The area of the small cylinder beins thus calculated, it is to be understood that to get the best 
result half |he expansion is to be effected in the small cylinder, and the remainder during expandon 
into the large cylinder. Thus, in the present instance, the steam is to be expanded 2*i49 tmies in 
embh ovlinder, and 2*449 x 2*449 = 6 ; making six times expansion in alL 

** For the marine compound engine the area of the small cylinder is not so definitively fixed ; 
because the two pistons, acting on different cranks, the objeot generally is to make the maximum 
strain of either taken singly a minimum. And besides, the maximum strains of either piston can be 
considerably varied by altoing the point of cut-off in the large cylinder. Nevertheless Dr. Pole's 
rule for Woolf engines will be found generally to give good results for the other form of engine also, 
and such as fi&irly correspond with the best practice. The assertion that the mechanical power 
developed is the same wnether the expansion takes place in one or two cylinders, requires this 
quaUfioation, that when two cylinders are used the arrangements must be such that none of the 
expansion takes place uselessly, by the steam rushing into the passages and so causing a sudden 
drop of the pressure, without doing any work on the piston. In the Woolf form of compound engine 
this oonditioii has not hitherto been absolutely complied with, and in some en^es of tiiis type 
it is very tu ikom being so. A considerable loss of effect is the consequence. 

" The anoant of this will be seen if we take an example, tlius — 

** Let the eapadty of the small cylinder be = 4 ; capacity of the large one = 16 ; and the capacity 
of the steam-passage between them = 1, or the fourth part of the small cylinder. Suppose, further, 
that the m^'giinnm total pressure of the steam in the small cylinder = 75 lbs., and that it is cut off 
at ^ stroke. With these oata the expansion should be, if we disregard the effect of the intermediate 
passage, tliree times in the small cylinder, and four times more in expanding into the larg^ one ; 
or 3 X 4 = 12 times. But the actual operation would be this — 

** First the steam would be expanded three times in the small cylinder, thus reducing the pressure 

75 

to --> =s 25 lbs. On the exhaust-valve being opened the steam would rush out into the intermediate 

S 
passage, and thus occupy a space =4 + 1 = 5, by which its pressure would be reduced to 
25xf = 20 lbs. ; and this part of the expansion oeing uselessly expended in friction and pro- 
ducing no motion in the pistons, would be productive of no useful effect. It is assumed here and in 
what follows that the passage is entirely empty. This should not be the case, for it should be filled 
with steam of a pressure equal to the final working pressure in the large cylinder. In practice, how- 
ever, the drop of pressure is generally <juite as great as it ought to be, on the supposition of the 
paMage being empty, and if the theoretical effect of the supposied small steam pressure existing in 
the passage were taken account of in these calculations, it would only comphcate them, without 
producing any difference of practical consequence in the results arrived at 

** The steam wluch now occupies a space = 5 will, at the end of the large cylinder stroke, occupy 

17 
a space = 16 + 1 = 17 ; thus having been expanded — = 8} times during its passage into the 

large cylinder. The total effective expansion in both cylinders is therefore = 8 x 8| = 10^ times, 
instead of 12 times, which it would have been but for the effect of the intermediate passage. The 
loss of efficiency thus caused is measured by the difference between 

1 -f- Hyperbolic log. 12, and 
1 -i- I^perbolic log. 10^ ; 

8*822 
that is, it amounts to 1 — ■ = 1 — *953 = -047, or nearly 5 per cent., of the whole efficiency 

9*Tod 

of the steam when expanded twelve times in one cylinder. In many Woolf engines the loss of 
eflkaency from this cause is greater than this ; but it need not be so if the engines are well 
oonstmcted ; and this defect may be diminished or entirely removed if Woolf engines were made 
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with intermediate receiven, and the steam ont off at the proper point of the stroke In the laige 
qylinder, as is done in the modem marine engines. 

** Some of the host of these are worked in this way — ^that is to say, so as to hare nob or almost no 
drop of pressure, at the end of the small cylinder diagram. But even where this is not the easBf I 
propose to show that a comparatively large fail of pressure at this point may take place in a 
compound engine with an intermediate receiver without producing so great a loss of efficiency as a 
much smaller drop in the old form of Woolf engine. 

•< This may be done without intricate mathematical formuUs by the aid of the Table and by taking 
a particular example, the reasoning apftlied to which will be seen at each step to be equally 
applicable to any example that can occur in practice. 

'* Further to simplify the calculations, without a£focting the dedoctioDs to be drawn from them, I 
assume the area of tne small cylinder to oe 1 sq. in., the area of the huge cylinder = 4 sq. in^ and 
the stroke of both = 1 ft. 

" Let. the capacities of the cylinders be reckoned in units of 1 in. square by 1 ft. long, and then 
we shall have 

Oapadty of small cylinder s 1 
„ of large ditto = 4 

** Let the steam be out off at } stroke in small cylinder, and then 

Total expansion = 16 times. 

•< Further suppose the maximum total pressure of the steam in the small cylinder = 160 lbs. 

Then we shall have 

160 
Pressure in small cylinder at end of stroke = -r- a 40 lbs. 

4 

160 
„ in large cylinder at end of stroke = -r-r- = 10 lbs. 

lo 

** By means of a cut-off valve in the large cylinder, the pressure maintained in the reservoir may 
be regulated at pleasure; and for the sake of simplicity let it be assumed that the reservoir is 
sufficiently large to make the pressure in it practicaJly uniform. 

** Now let us calculate the mdicated power developed in three different cases, in all of which the 
quantiW of steam used per stroke is the same, vix, : — 

" 1st. If the steam is expanded 16 times in the large cylinder only, working as a single<sylinder 
engine having the steam cut off at •/> stroke. 

** 2nd. If the total expansion of tne steam Is effected in two cylinders as I have described, and 
with the pressure in the reservoir maintained at 40 lbs. 

** 3rd. Ditto, ditto, but with the pressure in the reservoir maintained at 20 lbs. 

'< Ut Com.— Power developed per half stroke = 160 x *234 x 4 = 151 ft. lbs. 

*^ 2nd Case. — ^In this esse, it wul be observed that there is no drop of pressure at the end of tlie 
small cylinder diagram, because the final steam pressure in the small cylinder is equal to that m 
the reservoir ; and the power developed in each cylinder is— 

Power developed In small cylinder per half stroke = 160 x *596 -40 = 55*56 ft. lbs. 
„ „ in large cylinder „ „ s= 40 x *596 x 4 c 95*86 „ „ 

Total power developed in both cylinders per half stroke = 150*72 ft. lbs. 

** This it will be seen is identical with the power developed in a single cylinder in acoordanoe 
with the general principles I have already explained, as applying where^ as in this case, there is no 
useless expansion without doing work on the piston. 

" 3rd Gate, — In this case there is a large fall of pressure In the small cylinder diagram at tiie end 
of the stroke from 40 to 50 lbs., and the ^culation of the power developed is — 

Power developed in small cylmder per half stroke = 160 x *596 - 20 s 75*86 ft. lbs. 
„ „ in large cylinder „ „ xs 20 x '846 X 4= 67*68,, „ 

Total power developed in both cylinders per half stroke = 148*04 fL lbs. 

'* This last result is, as anticipated, smaller than the two former ones, but it is not nearly so much 
smaller as the large drop of one-half in the pressure at the end of the small cylinder diagram might 
have led one to expect It is only a diminution of 5 per cent, in the efficiency of the steam ; whereas 
we saw before that a drop of only one-fifth of the pressure at the end of uie stroke in the small 
cylinder of a Woolf engine produced a loss of efficiency of nearly the same amount. 

*' Let us look at the matter from another point of view. In case 8 the steam is expanded efectiv^if 
four times in the small cylinder, after which it is frirther expanded twice by an instantaneous drop 
of the pressure on exhausting it into the receiver. It expands, in fiict, into double its volume, and 
the pressure falls from 40 to 20 lbs., and in doing so it exerts no power on the piston, which has 
been sensibly stationary during the expansion. After this the steam is admitted to the hrp 
cylinder at io lbs. pressure, is cut off at } stroke, and then expands during the remainder of me 
stroke, down to its final pressure of 10 lbs. at the end of the stroke. This last expansion has done 
its proper work on the large piston, and this, with the previous effective expansion in the small 
cylinder, makes a total effective of 4 X 2 = 8 times only; as compared with tne total expanifon of 
16 times, our. from pressure of 160 lbs. down to 10 lbs. It would seem at first sight that the 
efficiency of the steam would in this case be the same as if it had been expanded eight times in one 
cylinder. To expand the same quantity of steam in one cylinder, the capacity of the cylinder must 
l]« = 2, and the steam must be cut off at 1 of the stroke. Then power developed = 160 x *885 
= 123-2 ft. lbs. 
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* TUb rarall (■ -nty oaudiiarMj l«n thao we obtained before tn the calcnUtloi] of the Sid cua 
when it w«« ibown that power = 143 ft. Ibo. wm developed. Yet in both ouaa the qiuiutihcf 
•tmn U the Muna, and ^)pwetitl; the uamiDt of expaiuioii exerted uufuliy aa the pirtoni ia the 
mmm in both ; Htd the queation ariaei, bow ottn the steam, when expuided In the two ojlindar^ 
^TB a gieatei dmM eSect than when expanded in one t 




"The (uiawer to this question ia tobefomd in theconsideretionof whot is done b; the steam when 
it ia exhaiutf d from the Hm&ll oylinder into the receirer. Preriana to the opening of the ezbaua^ 
tiItb tlie ateam oooupiea a bulk = 1 in the amoll cylinder at a preaenre of 40 Iba. ; and when the 
vkIts it opened. It at once espanda till theprennreiateduced tolbatof tbereeervoii, 201ba. ; after 
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thiB there will be left in the mMiU oyllnder the m 

the guntily ; inasmaoh m the premnie is now 20 Ibe. ii 

look plaee. Ono-hall the BtSMu, UierefiB«, hu been diecli&rged tmti the ojUnder, and now ooenplBa 

a bnlK [^ 1 ia the laaarroii, at a preisnre of 20 lb*. In gaining thii pcaition it tuw nerc— rily 



« balk(l)of atesniaabefbr^hnt 
a instead of 40 Ibi^ •» it wat bef<s* 




In displicing the atmoapbere. The power to expand 
reoovetable when the reservoir sapplies steam to tbe large 
cvliadec, nnd its amount in this case = 20 x 1 = 20 ft lbs. 
Now If this 20 ft. lbs. is added to 123'2 developed in tbe 
single cylinder with eight times expansion, the sum Is 
123-2 + 20 = 143-2 ft. Ibe^ which is the identical reeult we 
arrived at in oar calculation of oase 3, by an independent 
method; and tbe aocniacy of the explanation I have given 
as to how part of the apparently lost power is reooverad, ie 
proved by the correctness of the numerical results founded 
upon it. The conclusion to be drawn from this is, that the 

apparent It ' """ 

and of the 

with a reaerroir is to a coniddeiable e: 

It would be almost entirely in a Woolf engine of the osnal 

oonatruction. 

** Not only is this the case, bnt a glance at the results ' 
we obtained in calculating tlie power developed in each 
eylindc-t in cases 2 and S shows that when the eni 
working with thia great drop in the pressure, and thus IQ' 
earring a loss of 5 per cent, of the gross indicated power, the division o[ work between the b 
cyliaden Ii muoh more equal than when working without it. 
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"A alight aontidemtion would also show thftt the tnnslinQm Btmins on the crsnka are mncb 
km when thtia workiiig ; and theivftiM^ owing to the dimiiiiihed fricUtMi and more moderate stMiai, 
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known u the beam-engine, bo called beoause tlio motion of the piEton-rod is communimted to k 
he>v7 oaciUaUog piece <«lled tlio beam, which tnuutnila the motion to the maehiueiy to be diinn. 
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•a of tha beam ia rery mitable, ia gta- 
Dt ; it demands more care and pre- 
'e time and attention for its ereotion. It reqaiiee 
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ofheL Hraeorer, it allowi but UtOe Utitoae in ita applioatioD, and is atterlf incompatible with 
high piston ralooitifla. On the other hand. iU motion ia extremely tegulot and majeatic, and when 
of neat power, it mflaenta an impoalDg appearanoe. 

Trhe diief ooodition to be ftalUled in deatgning an ODgine on this sritem, U to give the bom 
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neh length tlut the angle vhioh it deaoribei may be as amall aa poaiiUe^ n aa to Hjmii^iith the iufln- 
eDoe t^ the vened nne of the area in dccompoaiiig the motion. Theoretieall; thia length aboold 
be infinite ; in practioe it ia lunall; made eqnal to three timea the stroke of U>a piaton. In aome 
Ameriunn engines the beam ia made tborter tbao this, bnt in our opinion a atill greater prop " 
than 3 to 1 is desirable. With thia proportion, the angle deacribea by the beam ii aboat & 
and theieneddneortbearrsiiO'OTdortbeatioke, 




In the horizontal en^rine, aa ita name impliea, the o;1indei ia placed horiEontally. Thia tyitan 
ma; be nid to hare prodnced a rerolntion m the lue of ateam-enginea. Ita nnmerons adtsntaps 
have rendered ita adoption almoat general, in apite of the atrong prejndioea arrayed againat it on ila 
Drat introduction. Bnglnea conatrooled on this aTatem aro remarkabta for their ainpUoitr, tb«b 
Boliditj, and their eoonoinT. OceopjinB; bnt little apace, they may be erected in potitioBa (oteUr 
nnaoitable for a beam-engine^ and may he eaaily examined or repaired when ont of ordtr. Ai & 



STATIONABY ENai\|3. 



2913 



tnadth of thdr bnae u great relatiTely to their height, very high speeds ma; be attained without 
temr of th« nbimtioii which would be caoaed in other «;atema. The little (oundatioD reoaiied ia 
kin a naroe of eooixMny that in aamecaaea ma; be of coneidBrdble toiportaQoe. This daaa of engine 
b npUlj tkking the plaoe of the beam-engioeB, and it maj be rtf;ardod as the tjpe of the preoent 
day. and the most adnnoed stage of Btasm-eo^ne coostruotion. 

The thiid t^pe of engine is the vertical, in wliioh the cjlioder and the orgsna of motion and 
tiMumisnoD occnpj the same pomtion as in the 
beaiD-«DEine. In UUi type, bovever, tbe oonnectiog 
rod it directlj oonna(j«d with the crank of the 
diiving thaft, which may therefore be either above 
IK bensBth tbe oylinder. Its parts being compactly 
dlqiCMd, it occopiea ddIt a small space, and it may 
be leadily examined and lepelred. In oertain cases 
iriwn tfie tf-— '- —-'-'-•-' ■• »- -'- - 



SLIDE ; 



isati 



, 1 oompete in effleieney with the 

hwisDotal type. 

It wonldbe mpetfloons to give the details of these 
WTetal typei of eagiiBa in this place, as they have 
alteadj been described in former articles. Wa shall 
therefoie content ooraelvca with giving an example 
at the beam and the hoiiiontal tvpes. as illnstra- 
tioiu of the most recent design and oonstrootioD in 
tbcae orstem^ 





Pig. 6088 Is a tide elevation of a Cornish pntDploe engine. The cylinder A is 70 in. Intemal 
diam^Aar, with a pittm-sboke of ID ft. ; it ia enclosed in a cast-iron steam-jacket communicatiag 
with the boiler* hj meant of the pipe a, which also serves to return tbe water of condensation to the 
bmlBn, which are placed at a lower level, thus avoidicg the waste of heat, which is often met with 
fai other enginea, by allowing the steam to escape from the jacket at nearly the boiling point. This 
iaeket is mrronnded by another casing of wood, the spnce between tbe two lieing filled with some 
bad oondnctoT of heat, tnch as saw-dust or ashes; anil tbe whole is enclosed by a casing of brick- 
work, or by an air-tight cavity fofmed by building a Ihidkne^ of briokwoik at a few inchea distance. 
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which ia ptastered on the mitsldB Bnd 
eoTored with wood panelling. Tha 
eyllnder oovei and bottom are also 
proteoted trora the cooling Inflnenoe 
of the ur : the fonnar being fitted 
with u. falaa lid or cap c, enclosinK a 
tliiok Uyet of ww-dnat or other bad 



B 1« tbe main beam, oast in two 
platci and bolted together, with dia- 
tMioe blooks between to keep them 
puallel with each other. To the 
upper port or the beam t« fixed trang- 



vhkib, when Ibo pierloa aniiea at 
the bottom of its stroke, touchee the 
bloaka A, Qied on the ipring-beMD* : 
Ihe deooent of the piston b^ag thus 
kneeled, no damage can be done to 
the cylindei br the engine tnaking 
too long a itioke in-doon. O 1> the 
ping-iod for working the teItcb Uld 
cataract. D, the top nozzle, ahown 
in eectian in Fig. 6939, oontaina three 
Talvea. First ; T, , the goremol or 
regnlating Talve, for regnlating the ad- 
muedon of steam into the chamber k k 
of the no^e, whenoo it afterwards 
paawM through the steam-Talve V. into 
the eylinder. The opening of the 
goremor-Tolve ia oonrtant during the 
woAiag of the engine, that ia, it ia 
Dot moved by tiie engine, bnt only 
ocoeaionall^ by hand, for the pnipoee 
of r^nlabon. In proportion as tbe 
goremor-TalTe ia more at leii raised, 
the steam is teas or more wiredrawn, 
or redooed in prewnre, ai it pa wen 
from the ateam-pipe into tbe cylinder. 
By thla nteana tneiefore, althongb tbe 
preaenre In the boilers may oocaaion- 
ally vary, tbe mean effeotiTe preeanre 
in the cylinder may be maintained 
CMUtaut with great ease and preolalon. 
Tbe motion of the goremor-TalTe ia 
coDUOanded by a handle placed within 



the valre. Second ; V,, the steam- 
f alTe, for admitting the steam into tbe 
crliDder. When uia trIto ia raised, 
tbe gofemor-TalvB beioE sappoaed 
open also, the steam finds a passage 
tnrongh it, bom the noide-ebamber * i 
into the apace I, and thence by the 



6939, would appear to be divided bj 
the cover a„ belonging to the eqnOi- 
brinm-valve; but this appearano/only 
ariaee from the position in whioh the 
line of seotion is taken, the steam 
being free to pass ronnd, in the direc- 
tion of the anows, from the govemor- 
valve to the ateani-vftlve. Third; V,, 
aituated in the middle of the nomle, 
is the eqailibrium-valve, for opening 
the oomuunioation between (he slices 
above and below the piston. When 
therefore thia valve is opeoed, the 
ataara above the piston will, by its 




i faoEg^ppl 
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bocBtanot, ibowiiini 
mi, e»42. The QM of this 
>»ppM»tiuia to ngnbte the' 

opmiiig the E(e«n ftnd ex- 
Ina, Kti tbtu to detarmine 
tmI between the euMeisiTa 
' tha eogine, tliftt it* iKpidily 

■W7 MnKtaaai with the 
tl iratar to t>e dnwn trota 
L o* ii a barrel in which 
a plmgei' f, and which ia 
MUll planger forcing pamp. 
t la bj a Tklve c*, opening 
waidi, but the ontlet ]i oon- 

■ pkanue b^ b morable plug 
nmap ii plaoed in a oiitem 
t, ■nd tbe plunger is atlaohed 
Int to the aim «* of the lever 

1 the plug-rod C haa de- 
—'7 to the bottom of ita 
n the lower patt of 
f of the leTBi and 

■ (he pluDBer, b', the 



naarly to the bo 
IwpM upon the I 
the Mid /" of tt 
■ (he plmiBer b', tbe water at 

time aDtaring &eel; under the plnnger throngh the Talve e'. When tbe itroke Is floiabad 
log-Tod begini to aaoend, the tappet quiti the lerer, and the weight h' whioh li ftied upon 
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(be aim f*, uid which has been ndsed bf the preceding motion, beoomea in it* tarn (he maSre 

power, tending (o espal the water from the pnmp bf forcing the plonger down. But the InM- 

Tiilire c' having cloaed. the only exit for (he water ta b; (be aperture left raand (he r 

ping if. It la pl&In, therefore, that by angmenting or diminishing (he file of thia KpB 

exit of the water, and thereby the desoent of the plonger, may be acoeletated or retarded at pi 

To the end f of the oataraot-lerei is at(a(ihed a rod m, which aaoecda vertioally, openinK fint tbt 

eihauat, and a abort tbne after the ateam vaWs, theraby canaing the commencement of be next 

itroke of (he engine. It ahoiild ba remarked that the rod m acta upon a cKtcii th*A leleaMi flw 

weights u ; these, by their 

fall, open the Tal*ee and — 

oocatnon a anddenneM of 

action which ia oonndered 

a great advantage, p*rtieii- 

Uttly as regards the adtnia- 

aion of (he ateem into the 

cylinder bj the E(eam- 

valve. It is eTiden(, then, 

that the interval between 

(he time the tappet l««Tea 

the cataiaot-lever and the 

oommencement of (he next 

atroke, which in &ct 

determlnee (he in(erval 

between (wo conaeoative 

itrokea or the number 

made in a given time, de- 

penda upon the time oooa- 

pied by (be deaoent of 

the oataract-plnngoT, and 

therefore, nltimalely, upon 

(he degree of owning given 

(o (he twiilating plug if. 

Thia oan be adjoated to a 

great nicety by means of 

a micrometer acrew and 

handle cooneoled with the 





r^nlating ping by a rod and the level I". By taming the handle the ping can be taiaed o 
uid (he aperture coaeeqaently inct««Md or diminianed as the quantity of wa(er to be n 
Lhe mine ia greater or lesa, and the engine required to make a greater or leas number of 



be taiaed or lowtnd, • 



the mine ia greater ( 

a given time accoTdingly, 

H is the ednction-pipe leading from the bottom of the eihanst-valve nozzle F to (be nindeiiHi 
E. Lia the air-pump, 2 h. 9 in. diameter, the baoket of which bean atioke of S ft., half that of Um 
pieton. N is tbe feea-pump, of the ordinary plunger desoriptiou. 

As an example Ot the horizontal type we give a high-pressure engine of 12 horse-power deaignaa 
by N. P. Bnrgh. Figa. 6943 to 6979 are to a acale of J in. to the foot ; (he remainder being b 
a scale of 1} &i. to (he foot 

Fig. 69iS is a aide elevation, and Fig. 6944 a plan, showing general airangement. 

Fig. 694S is ft diagram ahowing action of levera which oommand (he alide-valva. 

Slg. 6946 ia a side elevation. Fig. C947 a fion( elevation, Fig. 691B a back end devatkm, ■■ 
Figa. 6949 (o 6951 are sections, of the oyUnder. 

Fig. 6952 ia a plan, and Figa. 6gfi(, 6954, are aecttons, of the piston. 

Fig, 6955 la a plan and sactiona, and Fig. 69SS a front elevation, of the slide-Talve. 

Fig. 6957 18 a phui, and Figa. 6958, G959, ate aectiona, of the alidenaising. 

Fig. 6960 is a side and front elevation, and Fig. 6961 a plan, of the oonned 

Figf.6962, 6963, are a plan and end elevation, Fig. 6964 a aide elevation, and F 
ate lectionB, of Ihuulng. 

Fig. 6968 ia an elevation, and Figi. 6969, 6970, are aectiona, of Sy-wheeL 
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Kg. G971 is % plan, Fig. G972 a front eloTatlon, and Figs. 6978, 6974, aro seSlionB, of the 
iteiiing and goTemor Talye. 

Fig. 6975 is a plan, Fig. 6976 a front elevation, and Fig. 6977 a section, of feed-pump. 

Fig. 6978 ia a section of feed-pnmp lelief-valve, and Fig. 6979 a section thxongn safety-valye. 

See BoiLEB. Details or Ehgikes. Ehoirb, VarieHeM of. 

NAY^MAKJJSQ AND OASK liACHINERT. Fb., Machinei h fdbriquer Us dwves et lea 
bariU; GXB., J>auben und FcM-Maachmerie ; Ital., Maochina da botti; Bpav., Maquinaria para hacer 
duelaa y barriles, 

Oeorge HadfMt MdchineB for making Caski. — ^Mnoh of the machinery nsed in the mannfaotnre of 
euks has in itoelf no pretensions to novelty ; bnt no good idea could be given of the system without 
osiryin^ the reader throngh the various processes. Let it be supposed that casks of 36 gallons are 
req[iidred to be made for containing beer. The timber employea is that known in the market as 
Daotiig pipe staves, which measure 5 ft 10 in. to 6 ft. long, and in cross-section present a square 
ilgine of about the dimensions of the breadth of the stave to be cut. The square fogs are first cut 
ioto lengths, equal to the length of stave required, and the short ends put aside for making the 
cask-heads. In order to cut up the logs expeditiously, a fixed trough or angular guide is provided 
to reoeivo the log, whose end is brought up against a fixed stop near the end of the guide. A 
transverse slit through the guide allows a circular saw to puss through it and sever the wood. The 
Biw is carried at the extremity of a balance-frame, which is depressed by hand, to bring the saw on 
to its work. It is driven by a band lh>m a pulley on the cross-shaft, which fgrms the fulcrum for 
tilie frame. 

The blocks, thus prepared, are next split up to the proper thickness for staves, by the aid of a 
Biw-bench ; the block being pressed by hand against a rotary saw, which projects up through the 
table of the machine, and guided by a fixed v^ical gau^e-plate, over the face of wnioh the block 
is slidd^i by the workman. In this way each block Is divided longitudinally into six staves. In 
liks manner the short pieces before menUoned are slit up, to form the heads of the cask. 

The next operation is to gauge the length and bevel the ends of the staves. This is done by a 
msehine, shown in front elevation at Fig. 6980. It consists of a bed a, carrying two headstocks 6, c, 
the lattear of which is adjustable. On the headstocks are mounted a pair of inclined rotary saws, for 
gauging and bevelling the staves. Between the saws is a sliding carriage d, on which the staves 
are severally laid, ana the workman, holding the stave firmly, thrusts Hm carriage forward on its 
slides, and passes ihe ends of the stave under the action of the rotating saws. He then draws back 
the carriage, and repeats the operation. This is the first shaping operation ; and at this stage the 
stave is simply a flat piece of wood of uniform thickness, but with bevelled ends, and its side edges 
are square and parallel to each other. It must, however, have imparted to its outer face a convexity, 
both m the direction of its length and its width, besides being tapered and bevelled. 




essi. 




To produce the requisite convexity, a steaming and bending process is adopted. The staves am 
thrown into a steam-chest, and subjected to the moistening and heating effect of the steam for about 
fife minutes, to soften the wood. They are then packed upon carriages shnHar to that shown in 
side view at Fig. 6981. A series of these carriages is provided, to run upon a double line of rails 
laid under a shed, containing the steanH)hest The carriage, it will be seen, is a kind of tnick a, 
on which two transverse rollers 6, 6, are mounted, for supporting five piles of staves abreast of each 
other. The periphery of these rollers is concaved, to nve a transverse convexity to the staves, when 
pressed down upon them, and midway between the rollers 6 is a pair of standards o. The carriage, 
when laden with the piles of hot staves, is moved forward under a screw press standing over the 
railway. A transverse bar, provided on its under side with curved pressing pieces d^ i«J^«n «»M(1 
down by the press into contact with the staves, until they take the curved form. Fig. 6981. Pms 
or hold&sts «, passed through the standards c, then retain the pressing bar in its place, and ^e 



ntne press 
leased fnm 



press. 



for the staves to cool, and thus receive a permanent set ^x j j 

The next operation is the jointing of the staves ; that is, the tapering of the opposite end^ and 
the bevelling of the edges. By hand, this operation is very irregularly performed, a hand-plane 
being used, guided only by the practised eye of the workman. The surface of the joint is, moreover, 
sDMxSh, which increases the tendency of the staves to start when the cask is subjected to rough 



L 
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ioiatiiig maohine, ihown in ride elevktion st Fig. 6982, and In pmitkl end elsntioa 
1 Kolci, ^. 69^ the (teres are jointed, ao u to be ^Mtwally identkaL No 




fltting tbttefoie ia raqntred 
wtMD settiog Ihsm op to fonn 
oBsks. This iDBchins oonaiaCa 
of a long bed a, over which 
tmrenes. mpportrd In niit- 
able goideg, a clamping b. 
This carriage reoBivei motion 
from an endless chain, whioh 
moTSa alternately in opparite 
direetiona. The oainage ia 
flttodtonxxiiveaourTed atave 
and bold it down flnnly by 
mean* of a damp e, while the 
Btave ia presented to, and 
passed down under the aotlon 
of, a pair of inclined aawa d, d, 
wbioD are adioalable both to 
and bom cacb other, and in 
tbeir inclination, to suit diffe- 
rent sizes of ataTea. When 
the carriage is at either end 
of ila traTBTse, the attendant 
takes a ooived stave and 
clamps it in the carnage. 
The tetam motion irill bring 
■he BtaTe ander tbe action of 
the inolined saws, which will 
aimnltaneonslj joint the opposit 
The attendant then raisea the o 
the carriage brings the ataTS. ii 
lost in the working of tbe machine. 

In the mannfectnn of ale barrds, more espeoially those intended te 
flaTonred ales, it is important to get out the tannin from the wood. This ia nanaily done by t£ 
piDcess of ohaning, bnt the inner sorface of the barrel ia thereby injured. To avoid this, ^ 
steaming process is adopted. The staves te form the cask are pnt together and bonnd by teinpani^~ 
truss hoop*. Tbe cask la then io( apon an iron plate and over a ateam-pipe whiuh piojeota tliroa^V^ 
tbe plate, and tbe top of tbe cask ia corered by a loose head. Snperbeated steam ia then let int-^ 
the ossk, and in abont flve minates tbe dissolved tannin will trickle down ont of the porea (rf Ibw' 




sides of the stave, thereby rednciog it to tbe required , 
imp c, puts in and clamps a besh stave, and tbe reverse motioo 
like manner, under the action of the saws. No tim 



The operation of flniahing tbe ends of tbe cask, termed chining, which flte it to Teoetve tb^ 
ids, is effected in a peculiar adaptation of lathe, which ia shown m plan. Fig, 6981; tba banvrS 
I its Bupporte being iu aection. One end of the tmrrsl a ia inaerted in a chnok fr, cairied t? tb^ 



mandrel c.'and the other end isaupported by a cone-faced annnbir chnok d, monnted ia • bauiiiB*^ 

bad. mm 



iriedt^th^ 

, .. ._ — „ ^ — ^t lengthwiae of the latbe-bad. 

table / also rarries two sliile-rests g. A, in which are fitted the ontter* far chining the bMML lam 
CQttera of the slide-rest ir finisli tbe bevelled edge, and also hollow Uie inner fMe of tbe barrel ; and 
tbe entler of tbe sUde-reet h tniua the groove for reoeiving the barrel-liead. Botarv motion k givM 
to the barrel, and tbe cntten an brought into aotkm I? tite attendant nvmng tfae outlen I7 Oa 
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To briDg the woik into contact with the • 



a only neoeaniy to swing the hama c 



ftilcnini, and the saw being set in ntotion, it will qnickl; enter the wood. The atteoduit them oirM 
the wood a slow axial motion nnder the saw, which Hhapea it into ■ oironlAr diaa, Thli Ming 
done, he alaokeos the dampe, and reteaaea th« diac; then poll in anothai head, and lepotla 



the operation 

In order to complete the head, its periphery baa to be bevelled, to fit the groore in tlie oatk ; 
and to ensure a permanent tight junction with the oaak, it has been found nsoeMaiy to torn 
the head otbJ. that is, with a slightly superior diameter, Hcrosi the grain of the wooa ; this i* 
to allow (or shrinkage. For this porpooe, the niachine shown in side elevation. Fig. 0987, and 
in partial aid view. Fig. 6998, is employed. It is somewhat oomploz Id its orais^iotioD, but 




tlie following deacription will give a fait 
notion of its action. The dlao to be turned 
is placed between swiTel-olamps, a, h, which 
are cefrled by a sliding table and bracket- 
arm, G. The disc is held by the table and 
bracket in the line of out of a pair of rapidly 
rotated cutters, d, d, which are mounted on 
a traversing vertical frame, that slides acron 
one end of the machine. These cutters are 
driven in opposite directions, and are in- 
tended to act alternately on the head, and 
thereby cut the wood in the direction of tho 
grain, without the rotation of the head being 
required to be reversed. A slow intermit- 
tent axial motion is given to tLo head, by 
gearing operating the spindle of the lower 
claoip b; and at the same lime a slight 
traverse is given to the table c, with its 
brackel-arm. in order to ensure the oval or 
irregular turning required. The cutters 
ore suitably formed to cut a doublo bevol, 
and they are moved into and out of work 
by the attendant, who, watchins; the axial 
morement of the head, slides them to end 
fro Bs required, by turning a traversing 
screw t. The head being Sniabcd, the 
nppet alamp a is raised by the hand-wheel, 
anrl tlie heej replaced by another disc ; care 
being taken to place It in Uie machine so 
as to ensure the larger diameter being cross- 
wise of the gmiu. 

Fig. €989 serves to ilinstrate the action 
of Alfred Oenster's barrel-heading machine. The object of this macbiDe is to plane the npp ^^^ 
Burfikce of a barrel-head to the decued oval shape, make the upper and lower ohamfv, and also ^^^ 
revolve, clump, and loosen the work automatically, the attention of the opentoi being ooly mqniio" ' 
to arrange the pieces for a head on a table in fhint of the matjiine and push thorn liwirara. L^^ 
doing this, the flnished head is pushed out on the opposite aide of the maohlDe and dqxMdlod cu ^^ 
table placed conveniently to receive it. Beferring to Fig, ti989, C is a revolving pUner; Q, Q' 
revolving toothed rings ; and II, H', risinz and falling frames, arranged to act in oonbinatioii with 
tbeplanerC: U is alum-table; P,arevolvingcutter; I,standard; K, a hinged bowd ; Il,BleTer; 
Q, a sash, the allenialisg motion of all thcee parts being given by the cam L. 
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In btnding or iniflBine cftsks, it is well known that the metal hoops leqnire to be slightly 
ooned, to allow of their fitting tightly the tapering periphery of the cade This is effected by 
a modification of the machine of Horsfall and James. The hoop iron, haring been cut to 
lengths, and punched to receive the rivets for coupling the ends, is passed between a pair of 
nipping rolls, one being set slightly out of the horizontal. A tighter nip is therefore given 
to one ed^ than the other, andf the metal is thereby slightly spread at one edge. A third 
roll, set higher than the nip of the pair of rolls, turns the hoop iron upwards, and causes it to curl 
into the form of a hoop, which hoop is then riveted by hand, as usual. 

The casks may be trussed by hand, but preferably they are trussed by a modification of the 
machine of Robertson. This machine consists of two conic»d metal cases, which fit one on to the 
other ; one beii^ fixed, and the other movable, by the action of a press. The cask may be built 
up or inserted in one of these conical cases, which are each divided down their middle, and the 
parts ooupled by tightening screws. They are also grooved, to receive the metal hoops. When, 
therefore, pressure is implied to bring the two coniod cases together, the cask is forced into the 
hoops placed in the grooves or recesses. By slackening the coupling screws and separating the 
conical cases, the cask, now mechanically trussed, is readily removed £om the machine. 

With the assistance of three attendants, the steaming and bending of the staves, to fit them for 
the jointing machine, may be effected at the rate of forty staves in five minutes. The jointing of 
these staves, with the aid of one attendant, is completed at the rate of three a minute. To chine a 
cask — ^that is, to turn and groove the ends— with a man attending, requires three minutes. Bound- 
ing the cask-heads by the band-saw is effected at the rate of sixty an hour. And the oval turning 
aiid bevelling of the heads is completed at the rate of twelve pairs an hour. 

See WooD-wosKDio Maohinbbt. 

8TEAH-GBANE. Fb., Qrue h trnpeur; Gkb., Dampfkrahn; Ital., Oru a vapors; Span., Qrua 
de vapor. 

See Lifts, Hoistb. and Elkvatobs. 

STEAM-ENGINE. Fb., Mixhme h vapeur; Geb., Dampfmaschme ; Ital., Macchma a vapore; 
Span., Mdquma de vapor. 

See BoiLKB. ENOiNEa, Varieties of, Stationabt Engine. 

STEEL. Fb., Acier ; Geb., Stahl ; Ital., Acciaio ; Span., Acero, 

The term steel is vagudy applied to certain combinations of the metal iron with carbon ; thus 
considering wrought iron to contain little or no carbon, cast iron as much as 5 to 10 per cent, of 
carbon, steel has been regarded as occupying an intermediate position ; but as there is no boundary- 
line existing in reality, and as the percentage of carbon can be decreased by the slightest shades, 
gradually forming a oontinuous series between cast iron on the one side and wrought iron on the 
other, there is no possibility of ti^ng out any particular part of this continuons gradation and 
diatinguiehing it by the name of steeL Other substances, such as tungsten, wolfram, also enter 
into the composition of steel, and considerably modify its properties and uses. It would be a good 
method, therefore, to call every combination of iron with another chemical element a steel ; and to 
disrtiiiguish between the varieties of steel, both with regard to qualitative and quantitative difler- 
enoee of composition. 

The oolour of steel is a bright greyish-white ; its texture is uniformly granular, the better the 
quality the smaller Uie grain. Sound soft, that is, unhardened. steel never exhibits the coarse 
texture characteristic of crude cast iron, nor the fibrous texture of bar iron. Hardened steel shows 
a fracture very dmilar to that of the finest silver, so close that the granular texture can hardly be 
detected by the ni^ed eye. When red-hot, steel is nearly as malleable as bar iron, and may be welded, 
but verv careful management is required to prevent its becoming decarbonized By immersing a 
piece of steel in dilute hydrochloric or nitric acid the texture of the metal becomes apparent, and 
this test may be applied to determine the quality. The specific gravitv of steel varies from 7*62 
to 7' 81, and decreases in hardening. The toughness, tenacity, and hardness of steel increase 
witti the quantitv of carbon it contains, but good steel never contains graphite. The high degree 
of elasticity exhibited by good steel decreases with tlie hardness. 

After what has been said on alloys generally, and on those of iron in particular, it is not diffi- 
cult to understand the relation in which carbon stands to iron ; and there is no doubt as to the 
necessity that it should be present in iron in order to constitute steel. We find, so far as carbon is 
concerned, tibAt iron with less than '65 per cent, of carbon is wrought iron ; from tliut to 2*3 per 
cent of carbon, forms steel ; and when the quantity of carbon is larger, the metal is considered cast 
iron There are other substances which impart hardness to iron, and perform in that respect 
a similar office to carbon. 

The different methods employed for producing steel may be classified as follows ; — 

1. From the ore direct, by reduction and carbonization. Ore steel. 

2. From pig iron by decarbonization. Pig-iron steel. By means of gaseous oxidizing agents, 
as air in the Bessemer process. By means of solid oxidizing agents, as are saltpetre, and so on, as 
in the puddling process and Heaton's process. 

8. From wrought iron by carburation. Wrought-iron steel. B^ fusion with pig iron, as in the 
Siemens-Martin process. By fusion with carbonaceous matter, as m Mushet's, or the Indian pro- 
oesaes. By heatmg in charcoal below fusion, as in the cementation process. By heating in an 
atmosphere of carburetted hydrogen without fusion, as in Macintosh's process. 

A oomporison of specimens of various kinds of steel shows that the (j[uality of the metal depends 
ehiefly upon the nature of the raw materials used, and accordingly it is only where the very best 
ores Mid purest coals are employed that we find the finer grades of steel produced. 

We shall not here describe all the numerous methods in use for the manufacture of steel, but 
only those most extensively practised. 

Cementfition Steel.— The converting furnace used in the manufacture of cementation steel, con- 
■ists of two rectangular chrats, called pots, i, s Figs. 6990 to 6993, made of silicious freestone or 



flra-bric^ capable of beuiDg ft great degree of heat imohMiged. IfoT freeatoiie, tbeatoiiBU^ at 
tbe qtMtry into leotangnlai pieoea, all 6 in. thick, and bo arranged u to fium, wbem pot tagethar. 



^f^^, 




nnrj ; foi it ia of the greataat mi 
there should be no nulling or giTtng waj «f the 
ftanndation, bo as to crook tbe oheata and admit ali^ 
which wonld spoil the conTersion. The maaonrj 
■hould finish with t, oonrse of fire-brick ; and upon 
that again ia laid croBS-walls of fire-brick, 10 in. thick 
and i& same diitanoe apart, upon which the ohesti 
will inunediately rest, while the brick diTisianB form 
finea nndemealh them. The cheats are placed 18 in. 

from, end parallel to, each other ; and iha anace between them iB divided into flnea l,l,Oi 
ing with tboBe which pass underneath, np tne oppoaite side, and at the ends of tbe oneaU, into 0» 
fliiB-briok well which covers them all. 

This Tnnlt m has an arched opening at eaoh end, large enongfa for a man to cmep into when it 
ia required to lav in iron or take out ateel ; at other times they are brieked va temporarily, and 
plastered with clair or wheekw&if, a mixtore of grit and steel dust obtained hoax griodffaiDM 
employed to grind ateel articles. There are also two small temporarr opaningt, me over eadi 
ebest, through which ban can be put; and in these apieceof sheet iron is laid whjen so naed, with 
the edges tnni^ up, to pass the bara more essilj and prevent iajnrr to tbe briokw<»k. 

Out of the vault riae three Email chimneys on eadi side opening into the Urge onpola, irtiich 
earrioa the smoke to a eonaiderable elevation, and prevents the wind from having mooh effect npou 
tlie draught of the furnace Ore. Tbe fire-giate t ia under the middle row of flaea, and the whole 
length of the chests. It baa a strong metal door at G(u:h end, which ia kept oloae shut, exeept 
when a freeh cLarge of coiil Ea being pat iu. The fire-brick work and also the oheata are bnllt with 
ground-clay and water, mixed to a proper consiatenoe, instead of lime mortar. 

The bsfs of iron anbrnitted to this process are prioeipall; from 2 to 8 in. bioad and f to f in. 
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thick, except where they tie zeanixed for railway springs, and then they are made from 3} to 4 in. 
in breadth. A layer of charooal powder is spread over the bottom, then a layer of bars, and so on 
alternately. The edji^es of the bars are laid so as to tonch each other, or nearly so, without any 
parficolar aUowaooe for expansion in that direction ; the ineqaalities in the bars being snfiScient 
for that pnipoee. A layer of bars should be covered about | in. thick with charooaT, finishing 
with a thicker layer than usual over the top. Aftor both chests are filled they are covered over with 
from 4 to 5 in. in thickness of wheelswart This grit contains a portion of iron and steel, and their 
oxides, in minute divisions, intimatelv mixed with the grit, which seems to possess the valuable 
propertv, for this purpose, of undergoing a partial fusion when hot, and forming a kind of oindezy 
sla^ which perfectly protects the steel underneath from the action of the air. 

JSaeh furnace has a square opening of about 5 in. in the centre of the end of one of the chests, 
which is continued through the walls to the outside of the furnace, into which two or three bars, 
called top-bars, are laid, partly in and partly out of the chests, but in such a manner that they can 
be drawn out when required. To prevent access of air to the chest, the rest of the opening is care- 
fully filled up with fine ashes, well rammed in. The man-holes and small openings are now made 
up as before mentioned; a fire of coals, which has been previous! v prepared, is put upon the mte 
at both ends, and will require constant attention day and night for six to eight days. The nro is 
raised gradually, and the intensity of it regulated solely by the experience and judgment of the 
converter. 

The coal suitable for converting Is such as will bum away in a good draught, leaving scaroely 
any residuum but white ashes, which foil between the bars into the ash-pit. That coal which in 
binning runs together into a mass of laige cinder would not do at all, becvise in that state it would 
■top the dzan^t from passing between the grate-bars through the fiie. Each firing will take fromf 
4 to 5 cwl of coal, and will require renewal every 2| or 3 hours ; and a heat of steel converting will 
feqoiie, on the average, 12 to 13 tons of coal or more, according to the sixe of the Aimaoe and the 
time required. 

A ftimaoe of the sixe generally preferred will hold from 16 to 18 tons of iron. In larger furnaces 
the steel cannot be so equally converted ; and in smaller the conversion costo more a ton. The iron 
is considered to nin about 4 lbs. to the ton in this process ; but this will depend upon the khid of 
heat used, wheuer a mild one for springs, or a hard one for melting ; but, after all, the gain in 
weight must only be regarded as an approxiination. 

When the fire has men continued so long that the degree of conversion desired is supposed to be 
nearly attained, one of the tap4NffB is drawn oat— tliB opening stopped up. When cold, the bar is 
broken ; and by its appearance a judgment is formed of the state in Am wtiolfl^ and the firing regu- 
lated accordingly. Li a few hours more a second bar is drawn, and the pngraa made in the 
interim observed ; this is a further guide for the continuance of the fire for some time longv^ or for 
altowing it to go out, as the case may require. 

The whole quantity put into a converting furnace at one time is called a heat of steel ; and, 
aooordinff to the degree of carbonization required, it is called a spring-heat, a cutler's-heat, a shears 
heat, a lue-heat, or a melting-heat When the fire is let out, the furnace requires no attention for 
three or four davs. By that time the man-holes may be opened to allow a draught of air through, 
to hasten the cooling ; and in a few days more it will be cool enough for a man to enter, in order to 
break the covers oCand tiUce out the steel, which is generally done while the steel is still too hot 
to be taken out with the bare hands. The men's hands are protected in doing this by several thick- 

nr 



of coarse doth. Some of the charooal, when the small dust is sifted from it, will be fit to use 
again mixed with fresh charcoal. 

Bteel obtained by this process is never quite equally converted. Near the bottom and aides of 
the chesto it is more caibonixed than in the middle ; and this is true aim of every single bar, the 
external being more converted than the internal parts. The bars are also covered with blisters ; 
this gives rise to the appellation, blistered steel. 

The blisters are doubtless owing to some impurities in the iron, which in the furnace take the 
gaseous fcMm, and raise the blisters by the force of their elasticity. What thode gases are is 
unknown ; but it is known that, whatever the impurities, they are got rid of in the crucible of the 
melting furnace when bar steel is made into cast steeL 

B^iemer Process, — The most recent and advanced practice in the working of this process was 
ftiUy described in a lecture given in the United Stetee by Alex. L. Holley, and to his lecture we 
are greatly indebted for the follovring particulars. 

The Bassemer process as first pmormed, and as still practised to a very limited extent, with 
irons rich in manganese, consisto in applying the blast until all but } to } of 1 per cent of the 
earbon is burned out and then casting the product. Stopping the blast at this point, however, is 
very uncertain ; hardly any irons contain the right amouxit of manganese for this treatment, and 
the process has certein mechanical objections. Hence the nearly universal practice is to blow the 
iron until all the carbon is exhaustedf, a point readily determined. But the product now contains 
■0 niQch oxide of iron, that it is red-short and crumbles in working. To reduce this oxide of iron, 
whidi has a stronger affinity for the oxygen than the iron has, is added, by running into 



the convnrter 6 to 8 per cent of melted Franklinite, or s^iegeleisen, which is a uig iron couteining 
about 10 per cent oi manganese. One quarter to 1 per cent of carbon is also added to the product 
by the spiegeleisen, so that the result is the same as in Uie first process, and the convenience and 
economy are for greater. 

No phosphorus whatever is removed from the iron in the Bessemer process, and only 12 to 15 
hnndreuths of 1 per cent of phosphorus are admissible in steel. More will make it both brittle 
and unmalleable. Hence the pig iron treated must not contein above one-tenth of 1 per cent of 
this element The usual percentages of sulphur, manganese, silicon, copper, and the foreign 
olemento commonly found in average pig iron, are admissible. Suiteble ore for Bessemer iron is 
unlimited in the Lake Superior and Bfiasouri lion Honntain regions, and is now developing 
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ohaise is 8} ft. in eziemal diuneter, and 15 ft. high. It is made t^efly of i-in. to f^n. inm plaloii 
and lined nearly a foot thick with refraotory material. At one end it faiaa an 18-ia. opening, oalled 
the nose ; at the other a tuyere-hoz a, Fig. 7001, oommonicating with the blowing engine. From 
the tnyere-box, twelve fire-briok tnyeroB, each perforated with twelve t-in. holoB, project throoffh mad 
are imbedded in the lining. A tuyere is shown in section by Fix. 7008. These tnyeres last bat six 
or eight heats, and are arranged so as to be rapidly renewed. Tne vessel is mounted on tmnnions, 
and tamed by a hydranUc cylinder, by means of a rack and pinion. When the charge ent^a, the 
tnyeres are turned up. Fig. 7000, so that the iron will not run into them. The olast is then 
acunittedy and the tuyeres turned down so that the metal will flow over them and be pierced by the 
entering columns of air. The cubical contents of the vessel is eight to twelve times that of a charge 
of iron, in order to give room for ebullition. The Teasel lining is heated red hot, and the IiibI 
discharged before the iron is turned in. 

The iron is now subjected to 120 streams of air, | in. in diameter, at 15 lbs. to 25 lbs. pressora, 
for about twenty minutes. Most of the silicon is first burned out, the result being slag, and a 
comparatively dull flame at the converter mouth. When the carbon begins to bom freely, the 
volume and brilliancy of the flame increase, and as the surging mass grows hotter, and boils over in 
splashes of fluid sla^, the discharge is a thick, white, roaring, daxzling Uaie, and the massive vessel 
and its iron foundations tremble under the violent ebullition. 

Towards tiie close of tbe operation the flame becomes thinner, and when decarbnrijntion is 
oomplete, it suddenly contracts and loses illuminating power. The determination of this period is 
the critical point of the process. Ten seconds too muon or too little blowing injures or spoils tbe 
product At the proper instant, as determined best by the spectroscope, or by ooloared ghiHinH, bat 
nsually by the naked e^ the foreman tuns down the vessel and shuts off the blast The charge 
of melted spiegeleisen is then run in, when another flaming reaction occurs. The vessel bein^ stilJ 
further depreaaed, the steel runs into the ladle, pure, white and sbining, from under its coating of 
red-hot slag. A blanket of slag, most useful in preserving its temperature, followB it into tlie ladle. 
The metal is now led into the ingot-moulds, by means which will be further illustrated. After the 
exterior surfooe of the steel has crystalliited, the mould is removed, and the ingot is ready for 
reheating and rolling. 

Having thus taken a general observation of the Bessemer plant and process, we are prepared to 
anslvze the peculiar mechanical requirements, and the way in which they have been met 

This subject divides iteelf under two heads ; — 

1. Tbe ourdinal requirements upon whioh hinge the production of steel at all, whether fost or 
slowly, expensively or economically. 

2. The mechanical reflnements, upon which commercial success depends. 

The flrst radical feature of the Bessemer apparatus was imbedding the tuyeres in the lining of 
the vessel ; or, in other words, the perforaticm of the bottom part of the vessel lining. Tbs bottoms 
of the tuyeres are luted with plastic clay, inserted in openings in tiie tuyere-box, grooved to hold 
the luting, so that no air can leak by, and held in place by a doff. Figs. 7002, 7003. Bemi-plastio 
refiactory material, chiefly ground siUoious stone, is then rammed between and around tlie tuyeres, 
thus forming the continuous lining of the vesseL 

This feature is essential to the maintenance of the tnyeres. It is obvious that a naked refrao- 
tory tube, projeotinff into the molten metal, with iron and slag idternately wearing and chilling 
on all sides of it, is for more coeUy to construct, operate, and maintain than the mere end of a brick 
block l^g flush with the lining, and that any apparatus to insert and withdraw a tayere must be 
expensive and easQy deranged by the heat and splashes, while the perforated bottom requires no 
moving apparatus additional to that which rotates the vesseL Tne perforated bottom, for the 
introduction of the blast beneath the iron and in numerous jets, is also essential to its violent and 
distributed agitation. 

The second radical feature is the rotating vessel. A stationary vessel having similar tuyeres 
met with a very limited use at the introduction of the process ; but as recarburization cannot be 
performed in such a vessel, and as it is otherwise impracticable for a maiimum production, we 
may properly omit its consideration. We have already observed the value of the rotating vessel in 
placing the tnyeres under the metal to blow, in removing them to stop blowing, in receiving tbe 
iron from the cupolas, and in pouring the steiel into the casting ladle. To assure ourselves S the 
simplicity and perfect adaptation of this means to these ends, we have only to try to imagine an 
inadequate substitute. If a tajen fails while blowing, as is often the case, at the flrst inmcation, 
the perforated bottom is turned up out of the metal, where it can be reached and repaired. The 
defective tuyere is cut out, the hole is rammed full of moist clay and sand, and the blowing is 
resumed with the remaining tnyeres after five or ten minuted^ delay. Three or four of these 
dummies are sometimes inserted without reducing the day's product. If the tuyere of a stationary 
vessel fails, the whole charge bums through the bottom, causing serious d^y^uid loss. 

The tuyere-box is an important part of this system. It forms a common blast reservoir for all 
the tuyeres, the air bein^ brought to it from the regulator through the hollow trunnion of the 
vessel. By breaking a single joint, that is to say, by removing the tuyere-bos cover, either of the 
tuyeres may be examined and removed. 

One of the neatest of Bessemer's minor inventions is the air-space c. Fig. 7003, left between the 
top of the tuyere-box and the bottom of tbe vessel. If any blast leaks by a tuyere^ it escapes into 
this passage instead of cutting a channel clear through the lining alongside the tuyere; or if. a 
tuyere bums down too short, the sparks escaping through this air-space apprise the'wodmiaii in 
time to turn down the vessel before serious damage is dona 

The shape of the vessel is an important feature. The interior is well formed for reaistiog 
wear, for thorough agitation, and for the preservation of heat The nose is equally convenient foe 
charging and discharging the metal, and for discharging the gaseous products of ocnubustkHi into the 
chimney. The angnlBr position of the nose gives the vessel so large a capacity when lying on Ito 
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Mt, 0»t the whola durge will lis In it withmt nnmlng either into the tnTsreB or ont nf the nose. 
Wecaa hudl; ne how the thape ata be impniTed, or bow anj other would be adiniMible. In Ita 
hdbibI fcstnrea it wm the fint, and bb hen proMnted it wai the aeoond Tefsel introdncad by 

'nie ladl»«raiie, Fi^ TDM to 7008, i« anothsr radical departure tram the neanist kindred 




pnetioe. The ladle, init«ad of iwlnging from a onne ah»<n, b« in a toaadrj, ie rigidly held In a 
flxsd orbit. This feature w«a original with Beawmer, aad to it he tdded the old ladle with a 
ponrtng nomle in Ito bottom, regnlaled by a morable stopper. Thla eontiita oF a loam-ooftted rod a, 
rig. 7w9, armed at ita lower end with a ronnd-ended flre-brlak or plnmbadjo atopper, fitted to lbs 
oancare top of a fire-brick nozzle. The stopper is lused and lowered by a lever <, Fig. 7010, In the 
hand of the workman. Thoa the hcsTT stoM is diaoharged pore, while the lighter slag and impnri- 
tia am left ti the top. Pouring iteel Into iDonlds over the lim of *, ladle, as in foundries^ wontd 
,p &om BpUiing and diiliing, and is wholly impmetioable. The vartical motion 
- '•- — inng ttom the veaael, to keep thej^dle cloae nnder the nan, thna 
■ lopping. 



of the crane is oeeeeaarr in ponn&g ttom the veaael, to I 
pmenting too great a fall of uie itniMn and consequmt ilu 
and wonn<wheel A, Fi^. 700^ to r^mlate the podtion of 
OTSr the ladle for heabiw and repairs. 



■lopping. The ladle Is alK>ti| 



The radial motkm 



ibng and repairs. 
a rf^Uie ladlo, by mi 



> tipped by a 
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Again, the aoooi&te a^joating of the etoppor In the nozile Is dfeoted by m 



mtrolled with the ntmaat nteetj, uid Id itaTliiK pover, when placed, U like that of a cuI-Ikd 



Hie earlf method of tetting tnyeree wag knooluDg oat the atnmp left from the denndution of the 
bottom, Mtd uuertiiig e new tnjera from the tnyeic-Iioi. Thu veeael being too hot to enter for 
twenty honn or nxHe kfter a blow, for the parpoaa of filling and rammiog the epooe aiound the 
tnjBiw^ thit ipaoe oonid od]t be filled bj ponnng eemi-fiuid refruotorj malennl into tho nose of the 
mel, and letting it eet a< beat it might b; the etapotation of the water. The bottom was thns 
pcmooM, and, onleM long heated, it was damp. The oonstant breaking throng of the steel was the 



T then devised the dnplieate bottom, Fig. 7016, consisting of a tnyere-boi, tnjeree, and 
iMtion of lining, previonBly rammed and diiM. Tho old bottom, with its tnjere-boi, was with- 
liawn bodily, and the new one inserted. This was a Tast Improvement ; but still the annular space 
inntMl the new bottom had to be filed with a semi-Quid material, just lilie the space around the 
Ddividnal tnyeree in the old piaotioe; or else the Teasel luul to sts^d idle a long time to oool, 
o that ft varfcmao oould enter it and ram the joint. 

IMS. 




After a good deal of experimenting, the rimple expedient whs arrived at In America of u oon- 
itnietlng the lower part of the TeiKl, as at D, Figs. 7017, 701S, that the annular spaoB can he 
«tniiMd ftotn the onMde with bricks or cakes of Bemi-plaBtio material. The method of inserting 
him fllliiiKi by means of the rammers Q, B, ints the annalar space K, between the new bottom ana 
iw TSMel lining, is ihown in Fig. 7017. The filling is then covered with the plates N, Fig. 7018, 
(hieh are cott^ed on ; after half-an- hour's heating the vessel is ready for use. A new, dry, and 
mtworthy bottom can now be made in two hoars from the last blow on tho old bottom, so that one 
psaal is always ready. Bii interchangeable bottoms are employed for two veesels. This seems a 
mall detail, rat it has boon the chief canie of raising the product of American works from ten and 
welva to eighteen and twenty-Ebor heats a day, and it has nearly done away with what was some- 
Imwi of daily occurrence in the old practice — the bursting through of the fluid metal, oRen so 
■ddanlj and on such a scale as to render temporary repairs impossible, so that the whole charge 
na mada into scrap. 

Tha lining of the vessel other than the bottom, with the best American refraolory materials yet 
■n^oyed, eudurea 400 to 500 heats. The best English mateiiais last twice as long. 

TAB ^"Jngii't" vessel lining is a hard sandstone, called ganisler. It contains aniut 93 per cent, 
if riliea, 4 percent, of alumina, 1 or 2 per cent, of oxide of iron, and often a little soda, lime, potash, 
lad olhar sabatancea. It is a true quartzite. This is ground into sand and dust, and mixed, some- 
inaa, but not always with a little fireclay while beiog ground. It in then wetted to a semi-plastio 
nasiahmey, and rammed into a solid wall, between an iron mould temporarily inserted and the shell 
flhavasMl. Thehardnessandnnifarmity of theiammingia of specialimportarioe. Thellningisat 
bat slowly dried, and then glazed by half fllliog thu vei«L-l with ooal, and blowing for four to five 
Mum at S-lb. to S-Ib. preaanre. The vessel is then teady for use. 

In the United States no stone exactly like gauister hM yet been fbnnd. Any hard, dense nnd- 
tmw^ or any quartz, mixed with 10 or 12 per cent, of ground &re-clay, is used. The chemical 
ompoaltion of many of tbeee stones is similar to that of ganister, except that they contain a little 
em aimnlna. The natoial mixture of the small smount of alumina in ganister appears to give the 
saat a decree of deneity and cohesion, both wet and dry, that can hardly l>e obtaiiud with three or 
enr times the amonnt ulifloially mixed. Too much alumina is chemically eaten away ; this is why 
iijeres fail ao aDon. A fire-briok veasel lining, though hard enough to stand the abrasion of the 
arging maas, woold be ohemlcally destroyed in a very few heats. Bilica, on the oontrary, althongh 
eftaehny enongii, is soon washed away, because it will not fuse Into a dense mass. The meoha- 
lioal stroetoie cl qnartzita has on impratsnt bearing on its endoranoe when tammed into the vceeel. 
rbs heat of moeealve chaises compacts and hardens it. 

In order to plsce the moulds in the veasel so that the lining material can be rammed around 
hoM, the Te«el most be taken apart. In many works, the veeeel is divided near the oentre; each 
eotkni ia turned with its larger opening upward, and scporateljr rammed. The two are then put 
ogothv with a lating of flre-clay ; the whole operation occupyiDg thir^-eii to forty-eight hours. 
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Tho AinaieaD plan, jiut beln^ iatndiioed, ii thRt (rf dnpUoate top, bottom, uid noae MctioD^ 
are preTioualT ranmied and dried. The cebtre sectioii, Ming more difflonlt of remoTal, oa tea 
of the tnnmioua, is nuumed in itt place. The time loat In lining is thna bought doWn to al 
twelve honra. 

The regulator before nfened to, Figs. 7019, 7020, ia a r^ted plutform F ojta tbe air and m 
dietribntii^ apparatiu, Btanding npon which workmen can ob«ene and legolate all the motions al 



the *e«eU &i 



The neoetait; of o 



antrating then ^MnUona at a pt^nt oat of leaeh of 



engine : the water and exhaoat chambera with the pnaaure pump. D, D, are the air-Talfea tit 
Hdniitting the bbst to the veaaela : E, K, the S-way and 4-way Talvea, conatmoled like ga»«odi. 
for distrionting the water preamre to the hydranlic t^linden. Tbeir oonatmctiaD la abown by 
Figa. 7023, 7024. Thia ia Bea«emer>H early regulator. A larger nnmber of Talrea, and maBj im- 
'n detail, have been added. 




The English form of ingot-orone is [Unatrated b; Figa. 7021, 7022. All hydranlio cranea w ct^ ^ m 
Bessemer works oonsiet of a vertically movlnr ram, to which a horizontal Jib la attached. '° 
ordinary cianes the jib doee not move TerticallT, which is a sfriooa comparatiTe diaadTaot^^ 



because all radial transference oF the load must be done by racking the Jib-carriwe, fhnn which 
InnH is suspended, backwards and forwards by slow-moving geortog or pnlleya. When a jib rial 
fulls, it« carriage may bo moved radially by simply pushing the load; the carriage moaon tb ^^^ 
just like a corona railway, unhampered by sheaves and chains. Beraemer's onue, FigB.7O21,70A 
conaists of a cylinder containing a ram of two diametera, the smaller end passing throii{4i a bott^'i 
stafBng box, and the larger tbroagh an upper stuffing boi. To the upper end the jib u attaoWi 



jft 



paat, Teqnii^ eiOMdTS rtraiiKtb ; and its frielioi) To tbo stuffing boi'ii m> severe tliat the n„„ 
often chatter* In rldng, and the jib can onl; be tnraed in its orbit b; dickils of tbe independent 
hmi rerolTing m nllen. The foundation mnst be hoUov to get at tbe lower atnffing box, and retj 
■did and wide to keap the whole itmotnie from tipping over. 




'Hm «nn» geaeniOj naed in AnMTl««i worki^ Figs. 7027 to 7029, oooalsts of • cylinder, open at 
tta lop oalj, ud Tcqniring ehieflv verticAljnippart mm the solid pier on which it rests. Th«isni 
MWBS tbroiigh an nppra stofBog box, and thioogh a top support in the roof of the building. The 
jjbiiBJaeBd Between these mpports, so tbat the lateral aUsin on tbe ram ia compnnitiTely tmBll. 
TUataillHbatedbj'tbebottliBtiiORtlleriarereqnired; the ram turns in the stuffing box. The 
jib ef an 840(1 crane oau be palled nxnid itsorLHlbyoDo hand. The nun is stepped npon a column 
ef water wlii<A is ■nbatantfallT fiiotionlesB. The tnp sapport has proTed itself oonvi'nicnt, and 

il of power and repairs ; and, aTtar counting tbe oost of tiie supports in tbe roof, this 

aanea is lass eoatlj than Hiiiiiniin'ii system. 
■MNmt at the hydranlie preasnre employed has been regulated chiefly by tbe pmportJons of 

; that is to wy, it was found that for an 8-lon cnne. baring a 10-n. lift and 22-rt jib, a 



praMore is t«i; great. 

Bydranlie pressure 1* applied to the ordinary fonn of crane, and also to tbe lift for raising 
diarges to Um enpotss, by meaoi of a simple oyliiider, the piston-rod of which jnills a chain. The 
length of the lift may be made two, three, or more timet that of the piston, bj interposing polleyt, 
Uwt is to say, the ocdinaiy block and fall reTeraed. 

The 4-way cock. Figs. 7023, 7024, that distributee the water to the litWyllnder, is aotnated by 
a hand-chain within conTenient reach of the workmen on tbe Tarioua floors. The advantagee of 
this lift oTcr any geared or belted lift, niJess complicated by brake*, are, flrat, that it cannot 
oramui. When the cage la ss high ss it should go, the piston is at the wid of the cylinder, and can 
so no farther. Beoondly, the control cf tbe rate and extent of motion ii much better, as it consista 
S) [ortly or wholly closing a oock, instead of wholly shifting a belt Thinily, tbe repairs of such a 
lift, properly ooostructed, are hardly appreciable, oompared with the maintenance of belts and 

The Importiuit ^tures oT the Wortbington dnplez prewnT«-pnmp are generally illnstrated bj 
Vfga. 70S0, 70S1. The duplex syatem, the movement of tbe ateara-valve of one engine by the 
jdaton of the oth^ engine, permits the water-pisloos to stop, momentarily, at the ends of their 
■tioke^ thus allowing tbe wster-valvea time to seat without slamming. This feature also canaea 
xmlfenni^ofpresanre, and theabeenoeof the fly-wheel gives the pump all the other adTantages 
«f tbe Cornish engine. 

Each water-engine. Instead of being a cylinder biwed trcm end to end and fltted with a piston, 

--■ " ■■ ' I, bored in tbe throat only, and flit ' ^'"^ ' '"" 

„^,_ o 1 a plunger is much more easily kt,. _.„ „ 

iriaton, enedally when the latter has a variable stroke and tends to wear and enlarge the middle of 



too &at when aBTerBl onmet happeo to be started at oi 




qaite oostl;. The Martin pocticg, conoBtiiig of a roll of hemp-l&pe forminK b ooDtiDuoiu ring, . 
nod oovered vrith wire cloth on the wearing surface, bas been lately adopted, with excellent ler"'*- 

In the melting department eome inUreating and Imporbuit changes havs been made, 
nverberatojry Furnace was, until recently, employed for melting the principal charge, aDd_ li il 

' ' " 3 United States for the epiegeleison chuge; beoatue, m this u nnall and a 



venta its chilling. The very i 



« held for some time after melting, the flameof theremrbentoryocnrtaDtlyplaymK onr it p 
The very osiclizable manganese in the Bpiemlelam ii aLw more k&oted b ' 
bhiat of the cupola then b^ the comparatively neutral flame of the revarbcmtory. 



In the older form of air-fumaoe. Fig. 7025, the flame and an; free atr it may contain ai 
from the fire-box A along the roof of the furnace, and do not oome into verr direct contact with tli 
metal lying at B ; hence this form is best employed for melting the ■piegeleisen. Fig. 7026 tt 
a later form of funukce, wbioh melts faaler becanBe the flame ia thrown directly upon the tn. 
Ijing at B ; but it alao oiidixes the metal more rapidly. It waa flrat employed for melting U 
principal charge, but as it required three lionra and 2} Uma of coal la bring down 5 tona at iron, 
was early abandoned for the cupola, which mella a 6-ton chaige in leas tbau one hour with 1 ti 

Adapting the cnpola to the Besaemer maunfactiire has, however, reqnired some eatHj ta . 
menting. What waa considered the beat foundry onpola — HacEanaie'a, Fig. 7032 — ma t 
employed ; bnt it would only melt 20 or 30 tona. The ah^ow 
bottom then filled with slog, which choked the tnyeres and 
acaffolded above them. The present cupola. Fig. 7033, melts 
100 tona in eighteen to twenty hours. 

The foundry cupola is made large enough to melt what is 
required in two or three hoars: the hearth is letl shallow to 
take the least amount of fuel, for the bed of coal mnst reach 
above the tuyeres, however little iron ia melted. And the 
day's work is over before alag aocumulatea to any embarraa- 
siag extent. But the Beasemer cupola must deliver 6 tons an 
hour, at the highest attainable temperature, for a whole day 
and night There must be a deep hearth or receptacle for 
elag under the tuyeres, and nn upper tapping hole by which 
the slag may ho worked off as in a blast fumnce. The tnyere 
area must be excessively large to ensure ample air admiseion 
in case of partial chilling at any point ; and the size, shape, 
and arrangement of tuyeres most be such that they cau be 
conveniently got at, cleaned, and changed without stopping 
the oporatioD. 

A cupola for a S-ton plant ia of S ft. internal diameter and 
14 fl. high ; it has six oval tuyaree of 5 and 8 in. diameter. 
The bosbea, ao prominent in the MacEouide cupola, are re- ' 
dnced to prevent scaffolding. The MacKeQeie annular tuyere, 
however valuable in foundry practice, is not adapted to long- 
continued heats, because it cannot be conveniently cleaned 
from without, whUe working. 

After the last charge is tapped ont, Ihe Bessemer cupola bottom is dropped. In tho ui 
o discharge the remaining deliris. The most Inistworthy cupola blower for the p 
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cosily. After mooh unaatisfisciory experimenting with rotary pressure blowers, several 
Amecioan works haye adopted the oomparatLvely cheap Sturteyant m^h-speed fan-blower, with 
marked soccess. 

Interposing ladles between the onpolas and vessels is important in manv respects. The cnpola 
eannofc be so economically and regularly worked if its hearth has to nil up with the whole 
12,000-lb. charge of iron every hour. The weight of the charges should be somewhat uniform, to 
promote uniformity and accuracy of blowing and to reearburize with a fixed percentage of 
spiegeleisen. This can only be accomplished by weighing the charge between the cupola and the 
vessel ; and the ladles are placed on sodes for tms purpose. Several charges are often run into the 
ladles when the oonverting department is not ready for them, otherwise the cupola would have to 
be dumped, and part of a day's work lost. 

BenetMr Proom m Fngtcmd. — ^The iron almost exclusively employed in England for this process 
Is obtained firom the Cumberland district, and is derived from red hematite ores. The analysis of 
specimens of these ores is Riven at p. 2034. 

The fuel used at the blast furnaces In the Cumberland district is the best Newcastle coke^ 
whidi is remaAable for its hardness and freedom from sulphur. The percentage of sulphur is 
about 0-8, and of ash 4-45. No charcocd pig is made in England for the Bessemer process. The 
fluxes employed are a limestone quite free m>m phosphorus, and a portion of black shale from the 
opal beds, consisting of day and carbonaceous matter without any appreciable amount of sulphur. 
The ores are not calcined. As it is necessary that the iron should be as grey as possible, not less 
than 80 cwt of coke are used to each ton of iron produced. 

Forest of Dean iron, made from, brown hematite ores, is frequently used in small quantities 
in admixture with other irons for the purpose of maintaining the heat of the charge, which it tends 
to da It is apt, however, to contain too large a percentage of sulphur to work well alone. 

Another brand which is said to work well is Weardale, an iron made from spathic ores. It is 
unusually rich in manganese, and owes its excellence chiefly to that fact. 

The pig iron used Si the Bessemer process requires to be carefully selected ; it has been stated, 
on anthori^, that the carbon in it should not be less than 3 per cent., silicon from 1 to 2 per cent., 
manganese not more than 3 per cent., and sulphur and phosphorus are limited to -05 per cent. 

The fcdlowing analyses exhibit the characteriBtics of some of the more usual brands of iron 
employed; — 





Oeator. 


WorkiDgioD. 


Weardale. 


Forest of Dean. 


Carbon (graphitic) .. 

Silicon 

Sulphur 

Phosphorus 
Manganese .. .. 


4-007 
. 1-752 

0-'(H9 

• • 

• 


3-14 
812 
0-05 
003 
0-02 


3-24 
1-80 
004 
0-19 
1-45 


3-25 
1-36 
0-037 

• • 



The presence of silicon in the iron causes the charge to work hot in the converter, and it is 
therefore to mix an iron rich in this element with others containing a less quantity, and 
which have a tendency to work cold and become pasty. As a rule, Workington iron contains more 
■Oioon than any other in use for the process, and being moreover an excellent iron is largely used. 
tt iiL however, from the very fact of its wor^ng so hot, seldom employed alone, as it cuts the moulds 
badly in pouring. 

Sulphur and phosphorus are the most injurious elements found in the pig, because the Bessemer 
piooeas is powerless to remove thcon, and the quality of the steel is materially affected by their 
preflenoe. An efibctual means of eliminating these substances, in the process of conversion, would 
be • most valusble disoovezy. 

It is usual among all the steel makers to mix several different brands of iron where a uniform 
•Dd good qosliijr of steel is desired, but there seems to be no definite mixture which is agreed upon 
as best. The principle appears to be to form the larger portion of the charge of the better brands 
of Cumberland nematite, and to add as correctives snialler percentages of other irons. The following 
Hill serve as examples ; — 



WooUngton 45 

:RaRington .. .. 40 

^est Cumberland 10 

lin^sn 20 

Weardale 7 

forest of Dean 8 



Bpiegel 
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n. 

Cleator 40 

Workington 20 

Harrington (No. 1) 15 

Harrington (No. 2) 5 

Forest of Dean 10 

Wigan 8 



Spiegel 



98 

ei or 6i 



For foigings, such as axles, tires, or locomotive ciank-shafts, none but No. 1 iron is commonly 
used, but for rails a greater or less amount of No. 2 is added, in order to reduce the cost as far as 
poaaible. The amount of this quality that may be used will of course depend on the character 
of the iron. 

The percentage of manganese in the spie^^eleisen should be equal to about twice the amount of 
Mibon, ttie former having the effect of deoxidizing should the metal have blown rather too much. 
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It is important also to use a small quantity of flux, such as aluminous ore, limestone, or lime and 
broken fire-brick, in order to get a good fusible slag, otherwise shots of steel are suspended in the 
slag and lost. 

The iron as a rule is melted in reverberatory furnaces, but at some works cupolas haTe been sub- 
stituted with apparently good results. Where cupolas are used, much greater care has to be exercised 
in the selection of the coke, as fuel which might be used in the air furnaces would destror the quality 
of the iron if burned in contact with it. The opinion among those who employ the cupolas is, that it 
is quite possible to find a coke sufficiently free from sulphur to yield a satisfactory result. At the Barrow 
works, prepcmitions had been made to convey the molten metol directly from the blast furnaces to the 
oonyerters, but after a number of trials it was found that the uniformity of the metal ooold not be 
relied on, and, in consequence, the attempt was abandoned, and cupolas erected instead, to remelt 
the pigs. The converters at the majority of the works have a capacity adequate for a yield of 
ft tons of steel, or allowing one-sixth for waste, which may be taken as a fair average for o tons of 
molten iron. The material commonly employed for lining the vessels is ganister, a highly silicious 
substance, found at Sheffield. Other materials have been tried at some works, as, fbr example, at 
Dowlais, with apparently great success. A pair of vessels, at the works Just mentioned, had, 
in 1868, stood 300 blows each, without relining, and were still apparently in good condition. This 
is much above the average endurance of the refractory linings. 

The sizes of ingots most commonly cast are, for rails, about 10 in. square; for locomotive crank- 
shafts, ingots of a rectangular section, say 22 in. x 16 in. ; and for other forginga, according to 
the size and nature of the work, the moulds having a weight about equal to that of the ingots. 
At some works the plan is adopted of testing a sample of each blow for carbon, and daasifying 
the metal according to the result of this test. By this means much greater Qnif<mni^ in the 
finished work is obtained, and in the present state of our knowledge of the process, this is a very 
necessary means to secure this end, and should be more generally adopted. The proceas employed 
was introduced from Sweden, and is exceedingly simple in its nature. It consists in dissolving 
a known weight of metal, in the form of dbrilT chips, or some other finely-divided state, in nitric 
acid, of the gravity 1*2. The solution will have a brown colour, more or less deep, according 
to the percentage of carbon contained in the metal. A standard colour, corresponding to a known 
percentage of carbon, as determined by direct analysis, is first established, Ad the colour of th< 
Bolu^on to be tested is made to agree exactly with this by the addition of a certain quantity 
acid or water. That this, which is the readiest method of producing agreement, may be employe 
the colour of the standard solution must be light. The water is added to the solution in 
duated test-tube, so that the exact proportion of water relatively to the original solution may 
read off with ease ; and if, for example, an equal bulk of water requires to be added to make thr^^ 
colour the same as the standard, the percentage of carbon in the specimen under test must be jusr 
double that of the standard. As a solution of steel in acid would m the course of time change itmt 
colour, an exact imitation of it is made by dissolving burnt sugar, and this is kept hermetically, 
sealed for comparison. To secure a light standard colour, it is not necessary that the piece of st 
dissolved should contain a small percentage of carbon ; but a larger quantity of acid may be ui ^ 
in a known proportion, say twice or three times the required amount, and uie corresponding per:= 
centage of carbon will be equally well ascertained. This test is easily and quickly applied, and "^^~-^ 
variation of colour being considerable, gives results sufficiently accurate for the purpose of a 
classification of the ingots, according to the purposes for which they are suited. 

The principal uses to which thelBessemer metal Lb put in Englaiid are the manufiooture of: 
three, axles, machinery forgings, and boiler-plate. 

Cast Steel. — For the manufacture of cast steel, bars of blistered steel which are hi{p:h]y oarbonii 
are broken into small pieces, melted in a crucible, cast in an iron mould, and form cast st^^^^j. 
The form of the pots or crucibles is long and narrow, and they usually contain 80 or 40 ^^ ■. of 
metal. Pots are manufactured of fire-clay mixed with coke, or anthracite dust, or plumbago. An 

ordinary clay pot will last for one day, or three heats. 

Where the Bteel-pots are made of fire-clay and upon the works, the pot-flask or mould, and pi 
are commonly of the form Figs. 7035, 7036. The pot-mould is of cast iron, with two ears cast u. 
it to lift it by. Its inside is the shape of the outside of the pots ; 
it is turned smooth, and is open at the bottom as well as at the 
top. There is a loose bottom made to fit, but not so small as to 
pass through ; this has a hole in the centre f in. in diameter. 
When in use, it stands upon a low post firmly fixed in the ground, 
which has also a hole 5 or 6 in. deep in its centre. The plug 
which forms the inside of the pot is of lignum-vitsB ; it has an 
iron centre, which projects through it about 5 in., corresponding 
in size with the hole at the bottom of the mould. The clay for 
each pot weighs about 24 lbs. ; it is moulded upon a strong bench 
into a short cylinder, and the inside of the mould having been well 
oiled, the clay is dioppcd into it, and the plug, also oiled, forced 
into the clay, while the projection finds the hole in the loose bottom 

in the centre of the mould, which guides the plug. The plug is 

driven down 2 or 3 in. by the blows of a heavy mallet on the 703i. 
top of the iron head ; it is then taken out, to be oiled again, 

by putting a piece of round iron through the hole in the iron bead to lift b^, giving it, at the 
time, a screwing motion. It is then driven by the mallet, while'the clay, rismg up Mtween the pfi^ 
and the mould, reaches the top. The clay is cut even with the top of the mould with a ks£^ 
and the plug taken out ; the pot is then narrowed at the top by passing the knife round betwSBQ 
it and the fiask or mould several times, holding it inclined towards its centre. The mould is not 
taken and set with its loose bottom upon a smaU post fixed in the floor, and the mould gently ftUowid _ 







The form of Uw tnelUDg famM«, and the direotioa of the flie and flne^ will be nndoatood ttom 
Viga 7037 to 7039. rig.70SSiaBMotlinofklai-halemeltiiiKftiTiuee,*howiiig tbediraotiiniof the 




Boom and the form of the holes «ben ftl 
10 ttre the fines of the melting boles, ei 
■arick to tha top : 11, an open flre-gn 

Elate, imtber broader than the depth '. 
3 othen At the back of the fluee by a 
"When the frnnaoei or holes hi ~ ~~ 
old melting holes — represented 0[ 
8 ft. 3 in. — aie taken out, mid oei 
2 to 4 in. thick, cnt into pleoei 7 ot S 
W«llt remoTing. 

The cro«-eection. Fig. 7037, shows the poaltum in which the two pota stand in the hole, and 
the oorer in its nsnol podtioD. 

The «OTer-A«me, Fig. 7040, is 
fae-briek, made to fit, i« held in its 



n about half worn, with one row of the pota in their places ; I to 
B, each tne of which is carried ap sepsrately, and lined with flre- 
nate; 12, the annealing gmte, closed in front hj a cast-metal 
of the melting pots ; A, B, C, three broad bars of iron, boiled 

oss-hott, to tie the ehimnef-stack firmly together. 
_^ so wide ns to waste the coke, the whole materials of the 
10 cross-section, Fig 7037. as oocnpying a apace of 3 ft. 6 fn_ hjr 
DM built of a kind of natotal faced flre-stone like flag* ttom 
It S in. braad. These nanally last four or five weeks before the; 
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two 8crew8. The handle is of round iron, about 16 in. long. The furnace tops, Fif^. 7041, upon 
which the covers rest, are of cast iron, an inch thick, cast in two parts. The plan, Fig. 7039, u a 



7039. 
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common arrangement of the other rooms connected with a melting famace. The two troughs in 
the clay-place are for melting the clay preyiously to tempering it. 

Instead of fire-stone, ganister is often used in England for famace linings. In this case, 
woodQ^ moulds are employed of the form of the furnaces ; and the ground ganister, moistened 
with water, is put round the mould, which is then drawn out This kind of stone is found in 
irrogular masses, usually with fire-clay and carboniferous shale. 

The preparations for melting the steel are commenced by making a coal fire upon the grste 
adjoining the annealing grate. The annealing grate must be large enough to hold twice as many 
pots as there are melting holes in the furnace. If that number be ten, twenty pots are put inyerted 
upon the annealing grate, and the fire put down the spaces between them, wnich are then to be 
filled up, so as to cover the pot with the small coke ridoled from among the coke used for melting, 
and upon these again the pot-lids are laid. This is done in order to have the pots gently heated to 
a red heat, ready for usmg. Each pot requires a stand and a lid. In form, the stand is the 
frustum of a cone about 8 in. high ; and as upon the base of the stand the pot is to rest, they 
should correspond in size. The s&nd is made of oonmion fire-clay, but the lid of clay the same as 
the pot ; it should be a little larger in diameter, fiat on the under side, 
and a little convex on the upper. Each furnace has two stands placed 
in the proper position upon the grate-bars ; and upon the stands two 
pots, covered with their lids, from the annealing grate. Some fire, with 
a little coal, and soon after some coke, is put on ; and when this has 
burnt up, su€Eicient coke to cover the pots; when the furnace and pots 
are at a white heat, the steel mav be put in. The steel having been 
broken and selected for the intended purpose, weighing say S4 lbs. for 
each pot, is put into pans of iron or upon steel plates. To charge a pot, 
the lid is taken off, and the lower end of a com9al-shaped charger, Ilg. 
7034, placed over the pot, down which the steel is gently slid. The lid 
is then replaced, and the other pot being charged in the same manner, 
the furnace is filled with coke, and covered. Afterwards more coke is 
added, the quantity being determined by the experience of the steel 
maker. 

Four hours will finish the heat, when a man removes the crucible, 
by means of basket-tongs, from the fire, and puts it on the floor. 
Another workman takes the pot and pours the metal into the mould. 
Meanwhile the famace is cleared of dmkers and made ready to receive 
the hot pot when emptied into the mould. 

The ingots thus manufactured are drawn under hammers into the 
desired forms of bars. A brown>red heat only can be applied to this 
steel without breaking it ; it requires, therefore, a great deal of heating 
and hanmiering. This steel cannot be fagoted, and is welded to iron 
with difficulty. It may be united with wrought iron in casting it on hot and dean iron, or weldiQg 
it by means of fluxes, such as borax, or prussiate of potash. 

Before the steel is well melted, it appears to be in a state of ebullition ; but when it Is raady fiv 
pouring it has a dear surfiEMe, and rests in the pot without motion. 
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Figi. 7M8 to 7044 are of Mrenl formg of tongt for liftjng the poU for pouring. 

Out ate«I U lugel7 manafaotaied, and for Kime parpoaea u preferred to bU other kinda of atMl, 
wttwitbatandiDK the larger qoaDtitiea and oheapet ratea at whioh these are prodnoed. 

A oonriderable qoaotit; of a kind of natural Bteel i» produced front pig iron bj working It la a 
poddjiug fumaoe in a peculiar mannei. Fig. 7045 ia a aeotion of a Bteef-pnddliug furnace. 




p g iron ia introduced into the Furnace, and the temperature raiaed 
h begini to fuse and trickle down in a Quid state, the damper is 
partiallj cloaad, in order to temper the heat. From twelve to aixteeu slioTelfuli of iron cinder, 
ntm the rotla or aqueeier^ are added, and the whole ia nnifonnly melted down. The masa ii 
Iheo to be puddled with the addition of a little black oxide of manganese, oonunon salt, and dry 
claw, preriouilj ground together. After this mixture haa acted for eome minntea, the damper ii 
fnllj opened, wbeu.aboat 40 Iba. of pig iron are put Into the furnace, oear the flre-bridge, upon 
elvnted beda iit doder prepared for tAat purpose. When thja pig iron b^ne to trickle down, and 
tb0 maaa on the bottom of the surface betting to boil and throw out blue jeta of flame, the pig iron 
!■ laked into the batUng maaa, and the whole la then well mixed together. The maaa aocn begins 
to nraU np^ and the aiull grains begin to form In it and break throngh the melted cinder on the 
MUlkux Am soon a* the gnins ^)peat, the damper is three-quarters Ant, and the process oloaely 
lied while the mass is being puddled to and bo beneath the corering layer of oinder. During 
hide <d this prooeas the heat should not be raised above cherry redneas, or Uie welding heat d' 
atari. Tbn blue ints of flame gradually disappear, while the formation of grains continues : 
gralna very soon begin to fuse togetlier, so that the mass beooioee waxy and cherry red. If 
DRvaotlona are not observed the mass wilt pass more or less into iron, and no anlfonn steel 
be obtained. As soon as the mass is finished so fkr, the fire ia stirred to keep up the 



X>ec«BBn heftt for tlie snooeediDg opetvtioD, the damper is entirely shut and part of the maas 1« 
'VOlIaoted into % ball, the remainder beinr always kept covered with cinder alack. This ball ia 
Imwight under the hammer and then woi&ed iuto l»rs. Tlie same proceaa is oontinned until the 
'Vhole is worked iuto bara. When pig iron made from sparry iron ore, or mixtnies of it with other 
3HR Iron, if need, only 20 Iba. of tbe pig iron are added at the later period of the process, instead of 
«boiit401bs. 

fiwnwM'ninuca.— Fig. 7046 isabmgi- TM*. tiiety with the two regeneralon D and E. 

'tndinal seetioD. Fig. 7047 a sectiuDol plan, '~-<.w.-i^ The valve F mnslsts of a rectangular box 
tud Figs. 7048, 7019, tiBsevcrBe sectione of of iron open nt Ihe two sides to the two 

» Biement' ftunncc applicable to hciiting regeaemlara D and E, nt the bottom to tbe 

•teeL Tbe famBCH coDsists of the heated atmosphere, ejidatthelop to the ehimney 

ofaunber A, and of two fire-pLices or solid O. A spindlepassea throng theoantrera 

Itwrtha B and 0, communicating reapec- ,, the two remaming close stoea of the hoi, 
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fixed Dpon th« qiiudk cnttaide. When the ndve to in the paaWoo ■howD dotted in Fig. 7046, Um 

•tmoaplierio air eotonng fn>m bebw prooeedi in tlie dlieetiMi indioatod b; the aiTDin, paamig 

Uinagh the regolatoi' D over the fite-plaee B, tlutnigli the heated ohunbar A om tb» fii»¥lM« 

0, tliHiQgh the Mgenenttor £ 

end bf the -ralTe F, into the — 

ohimney Q. 

A fire baTlQK been lighted 
npoD the heorUi B, thniogh 
the Bide opening K, the flame 
paesei tbroagh thefaniBcemud 
through the regenereitoi E to 
the cbimnej O, heating on its 
passage the pecfbnited trails. 
After vorldDg an hour the 
valve F is reversed, fuel Biip- 

eied lluoagh ttie opening L 
the second Sre-plaoe 0, 
wUoh IE then operated upon 
in aa opposite direction to 
tliat indicated bj tiie arrows. 
It is evident that by a i 




aecnmtdatios of heat to any degree may be prodnoed within the fnmaae, pravided only tbe htm 
produced in oombtution i« greater than the neat lost by radiation lod the heat abaorbed by tia 
metal in the heating chamber. Modifications of Siemens' fumsoe are largely employed for tmUiM 
cast steel, and also in the production of steel by fusing pig iron with wmnght iron upon the opm 
hearth, known as the Biemeus-Hortin proeeea. 

Bee Okuciblb. Foundinq and CAsnsa. Ihon. 

Woria rtlaUng to (*e suijrei;— Mushet (D,), 'Papers on Iron and Steel," royal 8to, 1840. _ 
(Dr. J,), 'Iron and Steel," 8to, 1864, Crookos and Hohrig's ' Metallnrgr,' vol. ilL, "Steel,"' ft 
1S70. Oriiner (H. L.l 'The Hannfaotore of Steel,' translated b; Lenoi Smith, 8vo, 18 
'Jonmal of Iron and Steel," 1871-73. Ovennan (F.), 'The Hannfoctore of Steel,' orown 8 
Philadelphia, 1873. Dessoye (J. B.), 'Guide Pratique da I'Aclei sea propri^Ui,' liaK>, I 
Landrln (H. O.), 'Traits de I'Acier,' 12mo, Paris. 

STEP. Fb., Crasumdiiie; Gkb., Ftaitagir ; Ital, (SucitKtta mftrion ; BPAN., fl<*o>o. 

In maohinary, a itep is a Und of bearing in which tbe lower eitiemity of a spindle or a t 
shaft revolTes, 

8TIREUP. T^,Etrier; Qua., Spnngropp ; Ital., Sto/a ; Span., Eatribo. 

Any part of a machine resembling In shape or In (Unctions the stirrup of a saddle, U called ^~- tin 

STONE, Fr., Piem ; Qm., Stm ; Ital., PibI™ ; SfaXt i'tni™. 

See OoHSTBDonoif . MASomiT. 

STOVE. Fb, Poeia; Gee., Oftn; Ital., Sin/a; Spak., E$tufa. 

See Iron. 

STRAP. Fb., Lim; Geh., Band; Ital., QAtart; Spah., Abrataihra. 

A atrap is a buid or strip of metal, osnally curved to clasp or hold other parts; 

a spring-strap ; espet^ly the U-shaped port of a strap-head which clasps and holds the 

The ttrap.htad is a joumal-bas formed at the head of a oonaeoting rod ; see Vig. 2361, p. 1191. 

STROKE. Ph., Caarie; Gm., B<A; Ital., Cona; SfAU., Arcrra. 

The stroki is the entire movement of the piston of a Bteam-engina &om one end to the uUil» Fft 
the cylinder. The nspective strokes are distinguished as up and doim strokes, or /raU and ^ha^ 
strokes, the front stroke being towards the cross-bead. In the United States, the stroke of a IctdD' 
motive piston towards tlie ^nt of the engine is called the front stroke. The term is also appJraf 
to the movement of the cross-head and other parts moving with the piston. The movemrait afi 
slide-valve is called its trawl ot ihroa. Tbe movement of a crank or an eooentrio is called its thror. 

8UOAB-HILL. Fb., JftFu/in a lacrs; Gbb., ZuciermSMe; hnL^ LaminaUyv da oaiut di audi^v; 
Spah., ifolino de anlcar. 

The machinery employed in tbe manufacture of sugar may be divided into that und fci 
extracting the joioe ; for claiiSeation, or separating the pure liqnoT Avm extraueons and debtenRB 
nbatanoes: (or evaporation, or driving off the water which Jiolda the migar inKdntiaa; andb 
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earing; whioh iiioliidai the prooeMei of diying, and, when required, of bleaching the angar obtained 
by eiraiiofation. 

The chief aonroes of ingar are the Bugar-eane and beet-root Of these the sn^-eane is the 
more important, and we shall therefore oonflne onr remarks to the extraction of juice from the 
eane. Tke cane, when folly grown, oaght to be about 8 ft. high, and 11 in. diameter in the stem, 
with a top of 3 or 4 ft above. The stem consists of a core full of sweet juice — in fact, nothing but 
•ogar and water — surrounded by hard, woody Hbre, which is again encased in a coating of silica, 
and it Is these onUxr casings that occasion trouble in properly exyreasmg the juice. 

A common method of obtaining the juice, and one still used in rough countries, is to pass the 
cane between two vertictd rollers of hard wood, set in a strong wooden framework and driven by 
cattle; the three-roller hcaris>ntal mill is, however, now almost universally employed in expressing 
cane-juice. 

Before the nse of Iron became general, a simple system of framing. Figs. 7050, 7051, consisting 

7060. 




almost entirely of timber, was much adopted. The wood used is of the hardest description, gene- 
rally obtained from the bullet, or bully, tree, which is somewhat similar but superior to teak. The 
framing is very massive, timber of about 16 in. square being used for a mill with rollers 4 ft. long 
by 2 ft in diameter, and mortised and pinned together as firmlv as possible. The only ironwork 
requisite consists of two li^t sido-firames upon which the metal bearings are fitted, and whioh also 
carry the dumb returner. The advanta^ of this descriotion of framing are ; — That it can be made 
in the country ; that the cast-iron portion has very little strain upon it, and therefore is not liable 
to break ; it is economical, as good timber can usually be obtained at a moderate distance, and 
although skilled labour is dear, the expense of carriage is saved, and it can be repaired easily, 
which we consider the chief recommenoation for wood framings. When properiy constructed, the 
weakest jportion consists of the two wedges above the bearings of the top roller, so that in case of 
any hsra substance being passed between the rollers, the only damage done would be the straining, 
and perhaps breaking, this portion of the mill. For this reason it is customary to keep spare 
wedges in stock, so t£it they may be renewed in a few minutes if a breakage occurs. These wedges 
mie also useful on account of their elasticity permitting a certain amount of play between the top 
and the two bottom rollers, by which means they adjust themselves to variations in the feed. 

The most usual description of sugar-mill is shown in Figs. 7052, 7053; Fig. 7053 being the 
front, and Fig. 7052 the siae elevation respectively. In this case the rollers are similar to those of 



7052. 
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the vrooden-framed mill, but are of cast iron fitted with wrought-iron gudgeons, the distance 
between the roller and the bearings being less than an inch. The framing is of cast iron, each side 
ftmme being cast in one pieoe. 

A, A, are the side frames fitted on the bed-plate B. G, 0, bolts fitted with distance-pieces and 
firmly screwed up so as to strengthen the framing in the direction of the thrust between the top 
and the two bottom rollers. The reason bolts are employed, instead of casting that* portion of the 
framing solid, is to remove the bottom rollers in case of necessity. The lower rollers D, D, are 
provided with flanges for preventing the cane from getting out at the sides, and are adjusted by 
means of screws. Another method has been applied, of acting simultaneously upon each pair 
of screws by means of a horizontal shaft and bevel-gearing attached to their heads, somewhat 
similar to the adjusting gear of an iron mill, as in Fig. 4472. The bolts that hold down the top 
roller are earned through Uie framing and secured by a cotter at the lower end. In some mills they 
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we only corried down a ahort diatauoe, tbe cotter beEng paned ttmn^h a Blot fti tbe ftaming, bat 
this pl&n throws all the upward atrain on the oast-iron framing, which, if broksQ, oonld Dot be 
Impaired with tbe Bfune facilit; aa tlie bolta. The dumb tnmer, or dumb returner, F, Fig. 7052, 
Is a onrved plate of icon, nauall; perforatad and grooved, aa placed aa to receiTe the <xaee from 
the front roller aud guide them on to the back rollei'. For cleameea of illoBtratioli the feeding 
table and delivery are omitted, but are shown in Fig. 7051. They consist simply of a flat sorface 
and two sloping suri^ceH. to allow the canee to slide down them, the portion of the delivery nearest 
the roller being fined off to a knife-edge and set as cloee as possible to it, to prereot the crnahed 



oane from being carried ronnd in oonsequenoe of it 

Fig. 7054 ia a aide elevation of a mill de- 
•ignedto obviate the exoeeeive atrains to which 
iDgai-mitla are constaaUy aad almost suddeoly 
onbjected. It will be seen that in this arrange- 
ment the top roller is kept down by a compoond 
lever, and aa the distance of tbe weight from 
the fblci-nm of the lower lever or the weight 
itself can eadly be varied, any required pree- 
anre may be ol)tained. Aa it is sot at all tm- 
usDal for the feed to vary ao much that at one 
moment few if any canes are pasting between 
the rollera, whilst at the next tbe millia choked 
with them, the play here permitted becomes 
of tbe higheat importance. 

The disadvantage of this mill is thst it 
allows too great an amount of play ; as when 
• large qnantity of canea are passing it ia 
neoeasary that the joeagiire shoiud be propor- 
tionately greet, or the Inside ones would not be 
properly crushed. This fault might be some- 
what overcome by the nae of a Spring instead 
of a weight 

Althoogh not often applied, reveiring gear 



lo the surface. 




very essential, as it not nnfrequeutly nappena that the mill geta ottdkei, when It ia iimriMaij toa 

verse in order to free the rotlers. 
ComUMd Cane-mait. — In the mills just deeeribed the foundation is both a very Important and ■ 
Terr ecetly lt«m. It oonelBts of three parts : that carrying tbe engine, another carrying the iii*~ 
mediate gearing, and that under the milL To — '— - '" -"--"— " • ■•--' " 



it carryu 
ndei tbe 



mill effective it is Ui 



should be very massive, of flrst'olass workmanship, and flrmlv bound b 

At good materials and worbnauship are seldom to be obtained wheit> luo bh 

BpeoTes of mill called the combined cane-mill has been eitenslvely employed. '_„ 

all those mills where the engine, gearing, and mill stand on the eeme bed-plate, ao tliat the ■( 
upon the various parts ehonld be self-contained and entirely independent of the fbnndatiotw> ana 
thereby do away with tbe chief expense incurred abroad, fa 1844 H. 0. Bobinson iotiodaoed se 
Miangomont for a combined mill, wliich, although frequently copied in prinoipU, did not a* 
whole come into general nse. 

Figs. 7055, 7056, are of a combined mill bj H. 0. Bobinson. The bed-plat« Ja made in two pfeosK 
•ad, aa in this ease. Is adapted for 
altering au old mil] into a combined 
mill by tbe attachmeDt of tbe old bed- 
plate of the mill to tbe bed-plate of the 
engine by means of strotig brackets. 
In a new mill, however, the bed-plate 
would be cast in halvee end bolted 
together. In order to reduce the 
number of revolutions of the engine- 
ahaft to that requisite for tlie milt- 
rollera, double gearing la employed, 
the first pair of wheels being internal. 
By this arrangement the spur-gear is 
brought withiQ oonveaient propor- 
tions, and the only defect is the height 
oftbe crantc-abaft from tbe bed-plale, 1 
which renders it rather anstable when ' 
the feed is moderately heavy. 

G. Buchanan oonttruots the aide (Wnea of sugai'mills with a oombinatioa of oaat and wtonri^ ^^H 
iron, by which means a degree of li^htoeas and strength is attained far sm>erli» to that rf maj im^-^^ 
mill we have described. The cast-iron skeleton tble frame is made as in Fig. 7057; upon eiadi aiA-^^^ 
of this is fitted a stout wrought-iron plate about an Inch thiok, and out out at in Fig. 7098 to tim^ 
requisite pattern to fonn the Irame. llie wrought-iron sides and cnat-iroD skeleton are flimly flieiK^ 
together by riveting through holes miide to oorrospond, Figs. 7057, 7058. To avoid tbe neceaai^ nf 
supplying two spore rollers in oaee of accident, that is, one for tbe top and one for tlie bottom, tb' 
flanges of tbe bottom rollers are dispensed with, so that all three rollers being alike, only one span 
one IS required. The cones are prevented from getting out at tbe ends of the rollers by means att 
fender-plate A, Fig. 7039, flxod at each end of the top roller, which fits in between the feed Bod 
delivery tables B. 0. To avoid Ufting tbe bottom rollers when they are required to be taken oe^ 
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Pig. 7059, mre lued for the pnrpOM of 
bncintt together the fnuninK> and abo 
ror aettlDg np the lower mllerB,' theM 
fau* b^g If^pad to reoeiTA tho bdjiut- 
ing ■eifiWB- 

Fig. 7060 ia an eteration of one of 
these miUBeomplete. InthiiOBWit «iU 
be seen that the maohinerj ia kept well 
down, ao that great ateadineBs ia obtained. 
Al ia Fi^ 70S5, 7056, double gttxing Ib 
emplored, onlj the internal ipar-geanng' 
ia neea lar the aeoond motion Inatead ot 
the first, thns placing the atrongeat form 
where the grcMeat atiain oaonra. 

For coBTenience in feeding csne-miUa 
ft eane-oarrier ia aometimee naed. Tliia 
eonaata in an endleaa band, the width 
eqval to the length of the rollers and 
of Buy deaired length. ItiananaUjniade 
«f thin slota of wood attaclied to ft pitch 
chain running orer wheels in the nanal 





The driTing wheel ia generally connected, either by a belt or gewlng, to 
By thia meana tiie iMnee can be spread evenly oTer the table and fed int 
ftter regularity than the old method of pitching the bundle* of cane ditec 



•pindles. 

tDDoh greater regularity 

folleii. A traih elevator, made 

oane or tiaah into the drying aheda. 



of the mitl- 

into the mill with 

ig the bundles of cane directly betwecm the 

£ also uaed for carrying away the cmahed 



BMldea roller milla two or three other methoda of eitmctiog the jmce from canes have been 
Henry Benemer, in 18*9, devised an arrangement, a side elevation ot which la given In 
Kg. 7061. It will be seen that it oonaiats ot an engine A driving a crank-Bhaft B, npon which 
thera are two oranka working the plungeis 0. These plungers work batAwards and fOTwuds 
in two rectangular boxes D, the mdea and bottom of which are piened with smaU bole^ while 
the ends are open. These boiee were intended to be parallel throi^hont, but afterwaras they 



SCQ&BrHnUj. 

^ > end 

•sen, tha ottet being amnged alongnde. 



dightlT ooDtneted towuds the end*. In Uw flgim, only om bos lad p 
tha otLet " ' ' ' " ~ ....... , . 




BDgine Bt»rted ; wlien, u tho plnoKer movea to the end of Ub ptrake, 
_ .„. . _. om of the lioppen E open, Mid ailoiri the cuiee to dmp down isto 

the boiM D. UpoD tbe return Btrobe the plnoger aaiM oB thMe p»rt» of the omw tlikt Me in 
the box vid foroes them along tbe rectangulai cuing, and while thn* aoting it le*TCS tte 
openinga of the hoppers E open, when tbe conoa drop down Into tbe box, uid * rimilM {mweM 
ii repeated on the return etrake of tbe plunger. By tbli mean* the leotancnlai '' — *"' 



/ 



become filled with pieoaa of cane equal in length to the height of the bos. U «•■ thon^ 

' • •' oQt off they would offer ootiiidr " '"' ' "" 

the open enda of the boze^ ^ 



that as the canes were somewhat rougbly cot off they would offer ootiiidanble tttiataaot to tba 
■ "y tiwoed to t: ' ' ■' *- -'^" " 



^eir united resistance would be so n«at that the pressure tequirad to (one them klong wi 
oompletely press out the juioe throngh the perforations B' in the box. When tha wmAln* 
tested in England with canes brought, we belioTe, from Madeiia, this molt was fai^ ' ' 
but in this case the csnee were very hud and tough. When tried afterwalda in the Wi 



ef&H 



with &esh juicy canes it was found impoasible to obtain auffloient preaaiiiB, aod with panllcl 
chambers the pieces of cane were shot out at tbe open end as fast aa they were out atL WhHl 
the obambers were tapered so as to pravent this, the shook at eai^ stroke of the plntlgv beoanM 



tbe ditFoaioa process. In 1B44 Constable proposed to oat the cane into does slicea by means of ^ 
raTolving shaft carrying a nniaber of circular outten on it, and to placed that the alioea w«>^ 
made about the tenth of an inch thick. These alicea of cane were then to be put into 1 1 isii Is aniX 
oooked in hot water until tbe sugar was dissolved ont. A eeries of Tsoaels was to be emploje^^ 
K> that as the liquor in the first became too much obaiged with sngu to dinolve tba wbola M -% 
out of the contained slices, they were placed in the next, wherein (be liqnor was wecT 
•o on nntil the liquor in the first vessel became snfflcdently charged with svgar to be 
ont into tbe evuporating pan. when this first vosael in it« tnm became the last of the terias. 
An improvement upon this method was made in 1869 by Julius Bobert, of Austria, in 
the entire process of difiiision is carrinl on continuously in one vesseL Tliia is effeotod by 
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dacing the slices of cane or beet-root through a feeding apparatus at the bottom of the vi 
from which they rise slowly and gradually to the lop, wlule tbe fteah water is ooDStantlj nmn:, ;,^^ 
in at the top, and is drawn off at the bottom as diffusion juioe, after hsviug naaaiDed ui oonHliHwl 
with the slices a suflSoient time. The water in its gradual descent through the eatii« heigh*m^ J 
tbe diffusion veesel passes through all tho stages of gradually increasing ooneeotntiou, aod tbt 

sugar in the slices, iu their ascent, becomes gradoally extracted in a corresponding tnanner, m> ^^bbU 
the whole process of extraction is carried out in a single vessel instead of a batten of difluseis. 
Pig. T062 is a scctionnl elevation of Robert's diSuser. It oondsts of a cyUndrical dir 
vessel A fitted with a centraJ shaft B which carries a series of anna or blsdes O, O, and n. 
in slow rotation bj tho gearing D. The slices of cane are fed la ttirougfa the tube ^B ij 
means of a aeries oC acrew-blsdes revolving on the spiodle F, by tbe action of which they- in 
forced down into tlie perforated bottom H of the diffnser, where they are spread over its ^ar- 
tBoe by the rotating arms C. The diffusion vessel is divided at etjiiel distance by perfbr-^U 

C' .tea, whioh permit the free descent of the water or diffusion jnice, but prevait tbe sIuh 
in rising too rapidly. Each of these plates is prorided with on opening equal to about os*- 
eigbth of its ares, through which the slices can rise into the next division, but theae openfflgi 
are so ^sced aa to prevent tbe slices from ascending iti a straight line to the top of ui 
vessel. Each perforated plate has a revolving blede C above and below. The water is introdwej 
at the top of tlie vessel through tbe perforated pipes i, i^ connected with tbe main pipe L I^ 
diffusionjuice is drawn off tbrough the pipe J, and the extracted cane is swept off by ue revolviof 
scioper K, A coil pipe L is provided for heating the juice by steam if required. 

The cane-juice in its way oom tbe mill to the clariners passes through a strainer for the p 
fit W '^■'- -'- - ' -■' --■•■ -■■' m....... .. .. , 



of freeing it from bits of caue and other mechanical impurities. 
three or tour perforated plates, the bolus in thelowMt being the sn 



are properly cleaned. As the clariSers are usually placed consideiabiy higher than the inilltlH 
juice has then to be raised. This is generally done by means of large-burelled, short-atitike pmqti 
worked fran one or more of the reller gudgeons; usually two pumps are employed, to prenst 
■toppages in case of one getting choked. Tho objections to the use of pumps are, that « CMtali 
amoint of gieaae and metal from the working parts is mixed with the juioe, and also that the jnig 




owar put B'U empty the TiilTe la niMd br'tOMDa of the handle e, mud tt the m — 
ib» OMft of the •ii-pipe D ii opened. The jviee in the upper portion A at once desaenda into the 
•'—-'— B,the Tftlve beiog left open until it la tnfflmentl; full, knd then acrpved down. In 
nder lo aacertain when the uiunbei B is charged, ibe ab-pipe D ii CBiried down troat 4 to 6 in. 
tMl0« the top of the ohambn B, or to the height lo whioh the joioe ihonld attain ; the oeaeation of 
Iha whiatUng noiae made by the air mshing out at thia >ir-pipe being the signal for aliatting off the 
■apply. The air-cock being oloeed, «te«m ia introduoed throofh the atwm-pipe E, vhea the 
prMMum on the anrbce of Sie jnioe forora it ont throngh the diacbar^piiw F. Aa thia pipe ii 
sanied dnra to within a abort uatanoe otthe bottom, the whole of the liqaoriadiaaharged from the 
lower chamber, A eaall oock g ia provided in caae the chamber B abould be allowea to eet l«o 
roll, aa in that oaae the ateem, when let in through the pipe E, mizea with the jnioe and oondenaea. 
By thia method of raiaing the jnioe it iskept free from greeae and dirt, there being no working 
puta in the machine ; It ia alao made anffictently warm to reUid fermentation. 

ClahfiaitiaL.-~Tt)iM pnioeaa ramaiata in remoring, aa far aa poariUss «U impniltiea turn the jmoa. 
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whether meehAniael ot ohsmical ; we Bh»ll, however, oonfine oonelTe* to d . 

used in the h1 moat nnlTenel practice otoIaiifjiuKor defecBting bj'oommon liiMfc xoenoonaii 
two rlnnnm, cUriflera heetod b; an open fire or the waate heat from the erapoietiag paiu, and tboM 
which ore heated bj titeam. A very nsu&l plan oF beating bj means of tixe waate heat from the 
evaporatiog pana ia shown in Fig. 7064. Here the olariflen A are oironUr pana, holdiiuF afaoat 500 
eallonB encb, and are heated bjtiie waste heat from the battery B; theammajementoFBiiMOaad 
dampen D illoatnting the method by.wbicli aoT one or more clariQen may be heated aa reqiiirad, 
and bIh) (he means by which the heat out; be allowed to paas direct to the ohimiiey. Thia plan li 





especially adapted to engar-boiiBea where no 
steam ie used, where, for inertaDce, the mill iB 
driven by water power, and the joiee evapo- 
rated Doder the old Bjslem. Fig, 7065 is 
another method of beating by a separate fire 
nnder each claiifior, the waste heat going into 
the same flue b as that of the evaporating 
pans B, and both combining tn heat one or more steam-boilers 0. This plan may be adopted w l^ ^ 
the sngar ia finiahcd in any of the modem methods, and is sometimes preferred In oonaeqnem^^' 

the flrat cost being much less than steam olarifierB. 

In apito, however, of the first cost, there ia no doubt that heating by steam has great »dvBub-^0* 
and is eventually the cheapest Figs. 7066, 70GT, are a sectional elevation and plan ot a steam claiL v« 



copper pipes is fitted iuside the pan, iuto one end of which, c, steam is admitted, wfaioh a4 
traversing its leugtb passes out at c' iuto the double bottom B, the con Jense water being dmwm- 
hy means of the cock E. Id order to facilitate tbecleaniogaf the pan the ooil is clamped U^ 
at 8 1', aod is Qtted at c c' with stufSng boxes, so that by means of a riog-bolt fitted in the clanj^ ' 
' ' ' By this means it ia evident that the liqnor oontaine'^iB 



be shut off at the eiact time reqnired. The ooch F, which is for the p ^ _ 
drawing off the liquor, ia fitted with a plug / perforated with holes, plaoed at a suitable dillv'*" 
above ue bottom of tlie clarifier, in order that the sediment formed during the prooesa of defeM Ci(B 
may be prevented tiom paming off with the clear liquor. 

As soon as sufficient cane-juioe has been run in, that is, as soon as it reaches to the top of the 4i>m 
in the flre-heated pans or covers the coil in the steam pans, heat ia applied. When the jnice Ah 
attained a temperature of about 140° a amall quantity of fine-ground lime, about I lb. to evety 6M 
gallons of juice, ia made into a milk, thrown into the pan and thoroughly stirred in. The tM- 
perature is then allowed to rise nntil the thick scum whioh forma at the top begins to harden tad 
croch, when the heat is shut off, and the liqnor, now clarified, allowed to stand for at least a qmitv 
of au hour. Id drawing off the liqnor a small quantity of a dirty colour comes away first, which li 
ttsnally returned into another clariflcr while it is being filled. The liqnor is then mn into thi 
filter or evaporating pane, as the case may be, until within a few iuches of the bottom, about th* 
height ot the lower perforations in the plug, Fig. 7066, when upon it changing oolonr it is atopiad. 
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Wlwt u left, ocnalMag of the top acorn tmd bottutii eediment, i» luually sect to tlie BtiU-lioiue. 
la Mme place*, bMrevei, where lubour is cheap aad tbe rum inferior, b mmuh press ia naed for 
(xtraotiDB the eonUined liquor, which ii eJIbor re-cUiiOed or filtered. Thia preas omuiiti of a 
■qnaie ehunber perforated with smftll holes, and into which a pistoa is fllted and worked down 

filtratim. — After cUrlflcatioD, or at a iomewhat later itige of the nianufactgre, it ia oioal to 
fflter the liouor, pertlv in order to get rid of the feculoncica too minute for elimination by the former 
nraoeaa, and alto to deroloriie and cbemiceilT parity it. In Fig. T0GI4 ie shown what ia called a 
tmg or bell filter, the latter t«nn being appliod in conaequenre of tbe shape oF the metal pieces, or 
helU A, to which the upper end of tbe bogs U are attached. Ttiie filter coruiata of a easing, usually 
■boot S ft. high, 5 ft. wide, and 3 ft. deep. The upper portion ia a ciatern, the bottom of which ia 
pierced with a aerifs of holes into which the goa-metal bolls A are fitted. Tbe bags B which are 
tied on to these bells, consist of an outer caaing of morse cauvas about S in. in diameter and 6 (l. 
long, and inude this easing ia ataStd a beg of twilled cotton, made expressly for tbe purpose, about 
3 ft. in diameter, and the aame length as tbe outer casing. The rensoa for making the inner bag so 
moeh iMger than tbe outer, ia to giro more filtering snrfaoe, (he outer casing being only of use to 
keep the otbei witbio bounds. The centre portion of the oiuing D is provided with doors the whole 
of iti height Uld width for coovenience in changing the bags as they beoome dirty. The lower 
porticm of tbe cuing B ia a listem for holding the filtered liquor which is drawn off as required. 
tRmm filter* have Men found oseful fur cleaning the liqoor, but they do not affect It in any other 
iMpeot ; beaidea which their height makes them inoonvenient, and necessitates pumping. 
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A charcoal filter to be used at 
in fig. 7069, where horn its coi 
be ran in without pumping. 

iron p«n Amnningon attamway. A perforated plate covered with 
B bls^et la fitted about G in. from the bottom, and a similar divi 
ia made tlie Mune distanoe from the top. The space between thes 
ia fllM with animal charoool. Tbe liquor Trom the clarifiera run 
in throngh the gutter B, thence tlirough tbe charcoal into the bottom 
oompMtnient, whenoe it is drawn off by tbe oock 0. A small pipe D 
is prarlded so that the liquor in passing through the charcoal should 
tnt be retarded bj the air getting compressed in the lower chamber. 
The tjiieetof this fflterisnotouly to remove the impurities similarly 
to the bag Biter, but to partially disoolorize the lii^uor aod also to 
uentraliie any add that may remain. 

Tbe general form of charcoal filter employed for making higb- 
dksa augar, principally in reflneriea, is shown in Fig. TO70. The 
filler U an npri^t cylindrical casing of wrought iron, divided into 
three compartments A, B, C, tbe top being a cistern for receiving the 
liqvw, the centre and largest compartment containioR auimal char- 
coal, and the bottom being a small chamber fitted with a cock for 
drawing off the filtered liquor. A man-bole D is provided for clean- 
ing out the ezhansted charcoal, and an air-pipe B for letting off 
tl>e air when the hot liquor is first run into fresh charcoal. The 
diridons between the compartmcntd are formed of perforated plates 
opMl which a coarse piece of woollen is pliiccd, the upper divieioD 
beiDg uied for distributing the liquor over the charcoal, and the 
lower for preventing tbe charcoal from coming tlirough with the 
liquor. The liquor is elevated by a monte-jus through the pipe F. 

Emporalim. — There ore two plans adopted for driying off tho 
water in tbe liquor, which ought to be only su;;ar and water, as it 
cornea from the filters, either by a naked fire from first to last, or 
partly by fire and partly by steam. The former, which is the old 
and perhaps still the most usual mttliod, is illustrated in Fig. 70G1, and oonsists of four coppers B, 
and two leaches C, under each of which ia a furnace. The liquor ia firet run into the largest or 
grand copper, and as it evaporates ia ladled into the next, and so on, until it arrives at the leaches 
almost sufficiently concentrated. In these it is still further evaporated until the liquor oontains 
about 70 per cent, of cryhtallizable sugar, when it is skipped or struck, that ii, emptied out into 
oocAen E. In order, however, to evaporate even thus far, the lieat is so greot (24202_that tbe colour 
of the sugar is excessively darkened, and consequently it ' 
tagea this system 
unnecessary. 






value groatly lednoed. The only adTan- 
is that the plant' oosla' but little, and also tliat skilled ubom is 
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it likely to haTe its colour sffeotcd bj ths old method of ai 



ia procetB is limilar to the old method without the tesohea; bat inatsad of hsrinff ai 

ooppen, a long reotaagolar boiler, divided into compartments, oiiiall; called a battery. li gmeiallT 
B^^ited. Figi. 7071, 7072, are longitudinal and orow aectiona of a battery. " '-^ -* - ' — 
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and aomewhat nhallow veuel, nsoally Irani 30 to 40 fL long, 4 fL wide, and Tarying in depth fnm 
about 26 to 30 in. at the end farthest from the Are to about 20 in. at tha near end. It ii aet wilk 
bridgee Id the Bnee to prevent the beat gaing too mnch ap the ohimney, the briokwork faalng 
cttrriod np S oi 12 In. above tiie top of the pan, and bevelled off to allow spaoe for the both of tba 
Ix^Ung liquor. The battery ia divided into oompartmenta by traosverae partitiona having Blofea- 
valves at the bottom ; these valves being worked by a lever. Fig. 7073. By Ihia meana tLeBqaorli 
allowed to flow down, as required, without Laving recourse to the Uboriona method of ladlinc 
from one oomporttnent to another. When the cane-joioe hss been evaporstod to a denritj of abort 
2^ Boinm^, at which de^«e the boiling point is about 221° Fshr., aud oonaequently oonaidmli^ 
below the tempeistnre at whioh the joioe is injured is eoIow, it ia diawn oS by means of tlM 
oock A, Tot the pnrpoae of being treated by one of the following methods of evapcntioii at Is* 
tempetatore. 

Mtlhoda for Concentrating Cane-juke at Zow Tmperaturti. —Of the TUlon* tdumea pcoooMd it 
this pnrpoae, two only have been found to be practically useful ; one having for its oojoet tit 
eipoenre of Uiin films of heated liquor to the oooliog effect of the air, and the other the mnfaetta 
of ths air in which the liquor ia placed. The former, as being oheaper and more aarpie to mwaaft 
ia generally used in modern sagar-honaes of moderate dimensions ; while the latter, erapontiMiK 
TaeiM, is preferred on some luge eatatea, and nniversally in te&neries. 

nt WcUd CmKoitratim Pan, illustrated in FigB. 7073, 7074, ooniisU of a Mmi-oylindrleal fuml, 
i»n. tM«. 




-jacket BuppUed from the exhaust of the engine, into which Is fitted a cjifite 

of tubee B, fitted into the hemispherioal ends C, C. The liquor to be evaporated ia run into tk 
venel A,aDd when fuU stram is admitted into the end 0, thenoe throu(^ the tabeBB,aDd«Ettl 
the end O', while at the same time the whole ia caused to revive slowly by meana of the gaaiiuD- 
By thia means a film — the liquor, whieh ia kept hot hj the stoun-jaoket of the pan — is eairwii^ 
into the air, and the rooisture evaporated IhRu it ; the heat thus eztraoted being constantly ■uppli'* 

by the al«am inside the tnbea. As the steam used for thia purpose h only of a modoat* p 

the beat thus supplied ia not sufficient to 
dlscolonr the sugar. In fact, the amount of 
evapotatloD is ao greet that the temperature 
rarely exoeeda 200°, and is ueually much leas. 
The only objection to this design of pan ia 
that the tubes are apt to chum the uquor, 
and cause an inoouvenienl amount of fiotb, 
uuleaa driven at an eioeedinglj alow apeed. 
Thia defect has, however, boen partially 
overcome by redurang the diameter of the 
drum, and ^ving it a proportionately greater 
length. 

Another pan for aooomplishing the same 
object. Invented by Sliroeder, is shown in 
Fig. 7075, where the drum of steam-^pea 
isreplacedby aserieeof thin galvanized iron discs. Thia design has the advantage of not fkoUdni 
or ohnmlng the liquor, and it is also much cheaper ; but the process of evaporation is mnch do«w, 
. of the revolTingptatimbeingdeprivedof supplementary heat. 
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Fir. 7076 1* ft MidUIcatloD of thli plui pnposad hj Hour, of Uanritint. Hera ths Umb* uo 
BMde bollow uid MiDewlut ipberioal, and an piorided witb cups kfter the piinoipls of a dradnDX 
naaliliM, the Hqnot KMOped up b; 
tben bedng diaehwged over the 




B they attkin 

Hon. Id this 

. .__.)t heat U obtained for 
lapid en^MxatioD, and if the onpa 
wete renored no ohnniiiig aetina 
eonld take place. 

b vcfkiiig a pan npon . 
tbo above prinoipW the liqQi 
Keneral) J nm out of the oj — 
Batteiy, u alretulj descril . ., . 
a deiult; of about 27° Beaum^, 
direotly into il until the liquor 
ii wituna tewisoheiof tlie top. The discs or pipes, as Uio case may be, iu« then caused to revolve 
very aloirlf, and ileam heat applied until a itrong gisin appears in the liquor, wliich ia quite thick. 
It u thMi mn oDt into oooIbtb, when the pan ia ready for anolhor charge. Soiue su^r tuoLen 
prate to add fresh liquor to pan from time to lime as il erejwrales down, eo that the jnn li 
Lapt nearly fall. The reason fur this is that the crystals origiunlly formed from tbo first charge 
act a* 4 ndoleui for those of the auccesslve charges, and that conseoaeDtly a bolder, or larger, gnin 
ia obtained. We thiok, hovever, that tbia object 1r bctti r obtuincd in the oook-rs by making them 
■offlidentlj lai^ to hold several nkips, or clue by dividing tlie skips among neve ral coolers, as the 
tenpeiatDie in the pans is geneiHlly too hieh for that purpose. Tho coolers aro naually sliallow, 
raetMlfnlar Toosels made of hard wood, and having their sides sloping outwards aa shown at E, 
Fig. 7064, a uanal size being 6 It by 4 ft. by bom 12 to 15 in. in ditpth. 

T%t VaeuwH P<m. — The best method of ovaporating tho liquor is by mi^ans of ft vaounm, but 
anbctanately the maobinerT required for this purpose ia not only Tery expensive, but it ia also 
MoeMary to ttnploy skilled labonr to mansfo it. 

The Taonnm pan waa invented by E. C. Howard in 1812, since which time varioaa improvementa 
la the detail* md manr modifications in ita ahape have been' made, but Ibo principle lia* 
remMsed mbatantially the same. In Fig. 7077 is shown one of the lieat modom arraiigementa. 
Dm Taeiiiim pan A ia iisoally made of copper, the lower half being enclueed in a caat-irun jacket. 
A maa-bale B ia placed on the liqi 
Is the porposea <d deaning and ro- 
pairlog. lite pipe D is for the pnr- 
peae of eairying 1^ the vapour, and is 
ittled with a Tesael varioualy termed 




jr tell-tale B, for catching the 

liqtMr If It primea over, when it is 
RJonied tfaroueh the cook «, the 
amount ol oraroow lieing shown by 
the glaM gange attached to the side. 
The vwonr paana on to the eon- 
denaei F, the pipe Q aupplying the 
eold-watat jet, and the pipe Hlead- 
lug to tba aiNpnmpa. The steam ia 
mt^iUid to Uie pan by the itop-valTe 
I, and the eondmued water ia ig- 
nored thnagli the pipe i. A mea- 
•nie J, bedding the right qnanlity of 
Hqoor to eoftttitnte a oliarge for the 
pan, taoonneeted to 11 throngh a pipe, 
and ic alao proTided with a glass 
mnge /. This measure is filled 
thioogh a pipe leading to the liquor 
dittem, a vaoanm b«ng formed in 

the meaMire by means of the air- , , _,^ ,„. _ 

pipe L, coDiMetiDg It to the ten of '-'' '"*- 

tM *«enmn pan. A glasa sight-hole N ia fllteil In the upper part of the pan. a similar sight-hole 
being plaeeaon the oppodte side, so that by looking tbrongli the one, the other, otpedally when 
•Miated by a lamp, allords snfflcient light to judge of Ibe state of the contained liquor. In addition 
to **■!■, meaoa ate adopted for extracting a sample from the Inside of the pan without disturbing the 
vaonnm, by the nae of a pruof-atick O, Fig. 7078, which ia capatile of being ioaerttd and sorawed 
•ir>llgbt Into the pan in an oblique direction. Thia oonsiats of a gun-metal tod with a oavily at 
the ktHMT end for roooiving the sample, and fitting into ft hollow casing. At tho lower end of 
thia oadng I* fitted a shell-cock, the end of the gun-metal rod with the cavity being made sqoare, 
flUing into Ibe hollow plug and acting as a spanner. As the aperture of the plug oorreaponds 
to Ibe esfity in the proof-stick, as soon aa it la opened to the liquor a portion flows in, when by 
taming Ibe plug h»if roond ctmneotion with tlie contents of the pan ia cut oB^ and the portion that 
b«« flowed into ihe cavity of the proof-stidc can be aafcty witbdiftwn for examination. The pan. 
Fig. 7077, Ii also nppli^ with a thermometer P, and barometer Q, fltttd to its upper half, for ascer- 
tauing the t«mperat<ire and qualitj of vacuum inside. There is also a rtcam-pipo B, for cleansing 
Ihe pan «hai iiuiawij When tne syrup i« snfQciently boiled it is diacbarged tiirough tba valre 
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S, either into a oooler, a beater, or taken directly to the oenfarifogala. ThemoitiBiMl pl«ionRi{ 
eetateeuto treat it in the old method, that i^ to nm it into eoolers; bat for making refined 
white loaf-Bngu it is discharged into a pan limilar to the bottran half of the Tmeiram pan, I 
without the ooil, where it ie raised to a temperatnre of 180° to 200° before being nm into tha nm 
Some prefer to paai it through the oentrifugals at onoe, as it i« cured mndi more qaidly ; bat 
Is only in consequence of the large propcntion of nigar held in Kdnticra, and which would i 

CfjBtallized if U-n to oool. Aa bat few eatatM are lai^ enongh to keep a vacnnm | — *' 

going, it ia nansl to mn the half-conoentiated liquor into tanks or anbaiders, in o 
impurities are left may be allowed to separate before the liqnot is drawn op into the 

Fig. 7079 is an elevation of a set of vacnnm pumps. 

A conaideiable modi£catinn 
of the mstem of boiling ■■ 
Is that known a« the triple effet, 
being of French origin. It oon- 
sists of a set of three vacuiim 
pans connected to one another, 
and U intended to evaporate 
the liqooT ftom the beginning, 
theret^ snpenedine the nse of 
a nakoi fire altogether. 

The main objecla of the 
triple-effet pen are economy of 
fnol and in condensinf - -■-- 
In the fltst of the thi 
there is bnt little vacnum, nsn- 
ally about 6 or 6 in. of mercury. 

In the seoond the — 

better, or aboat 12 

and in the third is maintained 

aa good a vacuom as possible. 

The pans are heated by 
steam — nanalJy obtained from 
the exhaust of the niill and air- 

pnmp engines — being introduced into the flrst one, which, from the lownea of the vacuum, n 
the most heat. The steam ^ven off by this pan is nsed for heating the second, where the vieirar:^^ 
is better ; the third pan being similarly heated trtxa tlie steam of the second. The rapoar of tfc:;^ 
third pan is eondenaed in the mme manner as that of an ordinary Taonnm pan. ^""^ 

Fig. 7080 ia an amngement by Uanlove, AUiott, and Co., of this system. A is the m 





for charging the pens, eonnccted by the pipe a to the flrst pan B', which is eonitwteltT^ 

?Lpe 6' to the pan B*; the third pan B* being in its turn connected by the fnpe ft* to Uw MM 
'his third pan is also connected to the monte-jaa C by the pipe c. The fint pan B' la bcatad tf 
■team from the steam-receivpr D, the vapour from this pan passing into the receiver £', and tiMM 
into the steam space of the second pen; a similar process being repeated with the third jaa V<t* 
which is connected the oondcnser F and air-pumps. The veasels K', E*, and F, also act mm!** 
tell-tales, in case the liquor primes over. 

Supposing the first pan, which has a veir slight vacnum, to boil at 200°. and tbetiiii^ wiUift* 
best vacuum, to boil at 15ff', the boiling point <tf the second or middle pan should be nS^wiaW' 
mediate between the two. The steom from the first i^n would thus be 25° hotter than the Uqi* 
in the second, and the steam in the second 25° hotter than the liquw in the third ; a s u fl n w t 
ditTercnoe to produce a brisk boil. In this oaae the evaporation should theoretically pnMsl A 
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Um mna fpoed Id eaeli pui, but pnctieallj tbece U a gtight amount ol lou in the tranBmlsuon oT 
thahesL 

Tho adTMitagM claimed tot Uiis Bjntem are eoonomj in steam mkI in watei for condeuaiiig the 
vapour of the liquor. And do doabt bj ntiliiinK tbe heat of tbe vapoiu tviix over inBtasd of con- 
d w Min g it direetlf, mob economy ie obtained, altbough whetbet it is snfllcieut to oompmuate for 
the tanrraKii coat ot tbe apparalna has not been »B yet determined. 

JVtwr'i Crmcretor. — The only other method of evaporation nhicb remains to be natlced vaa 
invented by Fryer, of Hancheoter, and is intended to erapontte tbe liqnor to snoh a point that when 
cold it beoomea a ulid mass. This is only of nse to the reduer, but for hia purpoee it appears to be 
«eU suited. 

Piga-TOSl, 70S2,aMofaFryer'iconoret<irbyHanlove, Alliott,and Co., of Nottingham. 
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At one end of these traye is a (brnace B, the flno of which mns beneath them, and at tbe other end 
im an air-beater 0, wliich makes use oC the waste heat from the flue, and employs it in heating air 
%o be made aw of in the revolTing cylinder K Botween tbe trays A, A, and the revoKin^ cylinder 
K, Li a aniBll lank D. The whola ieriee of trays A, A, A, lb placed on a slight incline, tbe upper 
and being next tbe fnmaoe. The npper three trays are maile of wrought iron, since the intense 
beat here would render cast iron liable to fracture. The clarified juice from tbe pipe F flows flrat 
on to the tray next tbe furnace ; it cannot flow straight down the uiclmo towards the air-heater C, 
bec«iue of the transverse ribs already alluded to, which oblige it to flow from side to eide of the 
ti»7 in a shallow stream. Thus it has to traverse a channel some 400 ft. long before it can flow 
19*7 from tbe trays at the end next the air-hfatei, although tbe distance from the furnace to the 
lir-neater in a direct line 1h not quite 50 ft. While flowing over these trays the juice is kept rapidly 
boilbig by means of the heat from the fnmam, and although it only takes some eight to ten minutes 
to travena them, its density Is, dnring this short lime, raised from say 10° to about S0° Baum^. 

From the trays the thickened syrup flows into the tank D, and theuce pa:<se8 Into the revolving 
CTlinder E. This cylinder is full of scroll-sbapod plates of iroo. over both sides of wliich the 
Ihi^ened symp flows as the cylinder revolves, and thoa exposes a very lai^o surface to the acMnn 
of hot air, whiui is drawn through it by meane of a fan O ; motion is given lo the whole apparatus 
bj means of a small eiigine H. Id this cylinder tho syrup remains for about twenty miuules, and 
at thBendttftbat time flows from it at a temperature of about 195° to 200° Falirenbeit, and of such 
risten<7 that it sets quite hard on cooling. Thus praperly-made concrete sngar forms a solid 
. not liable to drainage during transport, and ready for immediate shipmecl. 
Curmg. — This process consists in separating the uncryttalltzed or rook portion of the sugar, 
" " ' ilasa----'- .--i.- .1- .-.--. J _«■__._ J L , — 1 
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r, and effected by ni 
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eitend a Utile abore the top. AfUr a few daje iheae miliM are withdraWQ kod the molaawt 
alloved to drain out throngb tbe boles. This prooea is ywj tedious and ako Yen insffeotuil, 
eapeciall^ with low-quality sagar ; a large proportion of mnlawei itill renudning iu the hogsheads 
when shipped, and ronstaally draining into the bold of the TesseL Wbea the sugar twa bem 
flltfrcd through cbarooa! aod eviiporated in the Taonuni pan, as in reflneriea, and at sone sugar 
estates, it is removed from ttie cooler, or rather the beater, into Goni0.1l montds of the ahape of the 
loaTSB of ausar, aad varying in weight froDi 10 lbs. to 5G llis., aowrding to the quality of the sugar. 
Tha apex of the cone, wbioh is placed downwnrds, has a hole through it, which is stopped np during 
the prooen of Oiling and for about twelve hours afterwards. The room in which theae moabu 
are placed is kept at a temperature oF at least 100° to facilitate the drainage. When the boles st 
the bottom of the moulds are unstopped, the moluwee — or. as it is now called, syniii — drains into 
a gutter placed aademeath ; a pieroer made of steel wire being used for clearing the war at the 
lower end of the mould. AfW the syrup has drained away. olariSed liquor is poured on lbs 
top, whiob BB it filters through washes the sugar crystals without dissolTing them. It is a wdl- 
known fact that sogar crystals are always colourless, and tliat the oolour of a sample of mgai 
depends upon the liquor cqating the crystals ; if, therefore, this be washed off, the sugar aasntnei 
a perfectly white colour. In practice the lower portion of the cane is always ooloured, but when 
tbe loaf is taken out of the mould, the coloured portion is knocked off, or if a handsome loatli 
lequired, a new end, or nose, is turned on by means of revoMng cutters. 

Artificiai Cfriny. — The above process is frequeutly hastened by attaching the oriflce of tbe oooea 
to a pipe in which a vacaum is firmed, and thus sucking tbe liquor through the loaf. Tbis plan 
WM mvented by Hague iu 1S16, who first proposed the system far unrefined sugar. The UDonred 
mgar was placed in vessels the ixittoms of which were made of perforated copper and connected lo 
a pipe communicating with an air-pump, and thus the molasses was drawn through tbe perfbratinns 
Into the exiiaust-pipe. II did not, however, Bnd favour with the planters, and it is now supersoled 
by tbe centrifugal machine, excepting, as mentioned above, for loaf-sugar. Centrifugal machinei 
were first used for drying cotton and woollen goods, and were (or that reason oalled hydio-extracton ; 
but about thirty years ago Lawrence and Hardmau designed one 
for expelling molasses from sugar, since which time a great Diany 
varieties have been invented, all. however, being alike in their essen- 
tial features. These consist of a cylindricsJ basket revolving on an 
upright shnfi, the sides of which ere made of wire gnuse or perforated 
roetu. and into which the sugar is placed. This l»8ket is enclosed 
in a casing of such diameter as to leave an annular space of about 
in. into which the molasses is expelled by centrifugal force through 



There are various arrangements of centrifugal machines, a few 
of tlie best of which are the following ;— Fig.- 7083 is an OTcrbead 
machine, by Walker, Henderson, and Co., where the driving gear is 
placed above tbe basket It will be seen that the basket is driven 





bf a BUall upright engine A attached to Ihe outer oising B, tbe speed being muIti^M br friel 
xeohngO AbnkeDiaattaohed to tbe baaket-^ndle for oonvenience of stopping. Illp.TOBl,^ 
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a» tn eleTatkm and pUi^ and Fig. 7086 Ia an enlarged aeotion, of a eentrifogal maohino^ by Han- 
love, AlUotft, and Oo., Nottingham, driven by a sepaiate engine. This method is very convenient 




»08Y. 



for mall estates, and it also can be worked independently of all other maohinery except the boiler. 
The machine comprises a revolving basket A, usually made of wire and carried by means of the 
cssi-iron dome B on a central shaft arranged with driving pulley, footstep, and neck-bearing, on 
the central biacket 0, the whole supported by the outer (»st-iron casing B, which collects the 
water or liquor thrown off ham tiie material in the basket, and conveys it away through a discharge- 
pipe. £ is a brake for stopping the motion of the basket, and is applied by the leveivhandle H 
tm^n^ upon the angle-iron rinf I riveted on to the cylinder bottom. K, E, are two copper doors 
covering openings in the cylinder bottom, through which sugar may be discharged, passing down 
the shoot L cast in the outer casing into a suitable receptacle placed below to receive it. 

A maddne of 3} ft diameter would be driven from 800 to 1200 revolutions a minute, according 
to the work to be done. At 1000 revolutions a minute, a machine of this sise would ezeroise a 
oentrifbgal force of 600 times the weight of the load, and at 1200 revolutions 865 times the weight 
of the load ; thus 1 owt of material in a ba^t going at the rate of 1000 revolutions a minute would, 
by the centrifugal force imparted to it, bear a weight or pressure upon the periphery of the bssket 
of 1 owt X 600 = 30 tons, and at 1200 revolutions 1 cwt. x 865 = 43 tons 5 owl 

Fi^. 7087 illustrates a Lessware's machine by J. and H. Owynne, London, the arrangement 
for driving being very much like that shown in Fie. 7083, 
only inverted. This machine is very compact, and being 
self-coatained requires no expensive foundation. The basket, 
instead of being made of wire gauze stiffened by vertical 
ribs, consists of three casings, the inner being formed of thin 
copper perforated as closely as possible; round this is a 
casing of wire gauze, and outside these two is a sheet-copper 
casing, in which the holes are somewhat huger and farther 
apart. In the ordinary basket the sugar is liable to stick in 
moist lumpe opposite uie vertical ribs in consequence of the 
meshes of the gauge being closed by them ; but in this case 
LesBware has snoc^sfolly removed that objection. 

The baskets of centrifiigals driven from beneath axe 
osoally hung on cones, as shown in dotted lines, Fig. 7087, 
and are either kept in nlace by a screw and nut at the top, 
or, in some cases, by a outton, or similar catch, turned by 
hand ; the latter arrangement is for the purpose of removing 
them as soon as the sugar inside Ib cured, and replacing 
them with others already charged with raw sugar; but this 
method has many disadvantages. As the wire gauze of the 
basket is liable to bcQpme clogged, especially when working 
with sngar of a kyw quality, a steam jet is fitted to the inside of the outer casing, which being turned 
on while the empty butkei 1b slowly revolving, effectually cleanses the wire. In Figs. 7088| 7089 
is shown an arrangement for this purpose invented in 18i9 by Finzel, of Bristol, which consists 
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of B chamber A whose length \» equal 

a series of holes, so tliKt when the ateain in un un 

soifaoa of the basket as it rcvnlres. 

The speed at which the bosket of a ceiitrifu^ 
shoold be driven is genciallf rcdconcd at 10,000 cir- 
oiimferential a. a minate. Thus a 4S-in. centrifa^I 
Is speeded for Bbont800revo]utioDBa]ninute,B36-iD. 
machine buriiig to make about 1060 reTolutioui ia 
the same time. 

The amount of sugar tfaat can be cured at one 
time bj a cenlrifugai, say of 48 in. diameter, varies 
considerBbly with the quality. For large-RraiTied 
sugar eome makera put in bb much as the bn^et can 
conveniently hold, or about 4}cwt.: but mnel prefer 
from 24 to 3 cwt. for a full churKe, as it ia cured 
more epeedily and effectually. With low sugars a 
charge ef half ibe above quantity is sufficient. With 
lat^e-grained sugar three or four minates, 
times even less, is suiDcient to cure a charge ; but 
low, sticky sugars require very much more time, or 
film twenty minutes to half an hour. If a very pale- 
coloured sugar is deeiied, a small quantity of hot 
water, or, what is better, clarifled syrup, may be 
poured in after the molaeaes haa been aa far as 
poaaible driven out. 
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Fig. 7090 is a plan of a sugHT-houee, in which the apparatus already described are shom 
their respective places. The cane-mill A ia supplied with a cane-oarrier B and traah-caniei ' 
which leads to the tjaeh-houso It', usually a long narrow building with a tramway runninf; ' __ 

tbe middle, and as high up as the roof will admit. The eipressed juice runs along the gutter e ^.j, 
the monte-jus 0, where it la elevated into the clariflers D, which are placed at a s umeienl elevsti^^Ti^ 
to allow the juice to deacend through the various vcasuls uutil it arrives in the ooolers by ita "^^m 
gravity, llie clarified liquor is convoyed by the gutters e to the filter E. From thenoe it ri^^-^~^ 
along the gutters/ into the bnttoriea F, where it is concentmtud to about 27° Becuio^i wbm ..^j. 
ia allowed to run along the gutters h into one of the Wetzel pans H, or if these are fnll, into t "^^ 
cistern G, whence it is pQm[«d into t)ie Wetzels as required. When fully concentrated the iji^J^ 
is let down into the coolers I by movable shoots. Here it ia allowed to stand nntil oold, *'''^^^ 
it is cured in Uie centrifugal muchines K, from whence it is removed to be dried on the bescli -^ 
The molasses from tbe centrifugals is conveyed by the gutter k cither into the cistem Q '^^ 
tank L ; into the former fcjr the purpose of being re-conoentratcd, or into the latter for supplying 
the slill-house. In order to economize fuel a tubular boiler U ia fixed in the fiue of the battoia* 
as shown in dotted lines, the waste heal from the furnaces of which is sufficient to supl^ylb' 
whole of the steam required. When it is not desirable to work the boiler the heat may be oa~~ 
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BitMshad a donkey-enffiiie Q, Ia for the pnrpoae of reoeiving the condense water from the clariflers 
■ad retoniinff it to the boilers ; the tank O supplying any extra quantity of water that may be 
leqiiired. The en^^ine 8 is for driving the oentrifagals, Wetzels, and any other maoliinery that may 
be legmredL A sdll is shown at T, and the situation of still-honse is by the broken walls. 

SUN'WHEEL. Fb., Mouche; Qesl, LaSfgetriebe ; Ital., Buota planetaria f 8pan., £ueda para 
eoBmbiar el mcvimietito. 

See Mbosanioal MoTEXBirre. 

SURVEYING. Fb., Arpentage ; GxB., Fddmetsm ; Ital., Agrimensura ; Spajt., Agrimensura. 

SwTBeying and Levelling. — ^All Borv«*ys may be classed nnder oite of two heads, namely, those 
which are carried out without the aid of an angalar instrument, and those in which one or more 
infltmnients are employed. The principle upon which all surveying is based, is that of dividing the 
area to be included in the survey into a certain nnmber of triangles, the relative position and 
aocoraey of which are capable of being ascertained or checked, as it is termed, by more than one 
independent method. Of all geometrical figures the triangle is the only one which cannot change 
its shape without at the same time altering the length of ito sides. Provided the length of its sides 
be constant its form is immutable. It must not be imagined, however, that the adoption of this 
form ensures necessarily accurate measurement or renders errors in chaining of no consequence. 
Whatever geometrical form may be selected for subdividing the area of a survey, the necessity for 
proof or tie-lines is absolute. The time placed at the disposal of the surveyor must, to a great extent, 
modify the scale of precision to which he intends adhering, and the exact nature of the survey and 
the pmpoaes for which it is intended will also materially influence him. When a survey is required 
for Duiiding purposes, where every foot of frontage is of value, extreme accuracy is not only 
desirable but absolutely necessary. In the simplest cases, these comprise merely &e accurate 
measurement of a quadrangular piece of ground, which includes the ftontage and rear of the pro- 
posed bnOdings. Upon the most extendedf scale they embrace the survey of large estates, the laying 
out of the necessary roads and routes of intercommunication, the marking out of the course of the 
drains, the gas and water pipes, and the taking of the levels to ascertain the contours of the ground. 

PUnmmg a Survey, — By the phrase planning a survey is meant the aoquirition of that knowledge 
of the ground and its principal features, which will enable the surveyor to design in his own mind 
the gi^iexal method upon which he intends to proceed. For this purpose he must make in all 
eases a preliminary reconnaissance, and the principles which should guiae him, aie similar to those 
already laid down tn our article Bailway Engineering. Accompanied by a guide, the surveyor 
must walk over the ground, carefully noting all the prominent oojects which may be suitable for 
stations, and making a rou^h sketch in a note-book. Whether a map of the district is procurable 
or not, this walking over the ground should never be omitted ; but where such assistance is not 
obtainable it must be pOTformed more thoroughly and extensively. A surveyor should, before com- 
meDoing his field-work, have the general outline of the survey, and the general distribution of the 
main triangles, roughly plotted in his imagination. 

Thus while a map of the county is a great convenience, and a saving of time and trouble, it is 
not indispensable, as a general resemblance to the actual plan of the locality is all that is really of 
importance. The main object sought, is the cutting up or dividing of the area to be surveyed into 
a number of triangles, always as far as possible consistent with the accurate determination of the 
various objects to be included in the survey. Upon the selection of the main or base lines depend 
the faoilityand ease with which the survey may be conducted, as well as the time which it will 
occupy. While the system of lines laid down must always vary with the particular shape of the 
pariui or estate to be surveyed, yet, as a rule, the longer the lines the better, and the nearer they 
approach to boundaries and fences the less need will there be of ofiiBets and subsidiary triangles. At 
the same time it would be a serious error to spoil a well-conditioned triangle for the sake of running 
one of its sides along a fence. This should be avoided, as it is not an uncommon practice, and is' 
an example of unscientific work. A well-conditioned triangle is one in which the angles are neither 
▼ery acute nor very obtuse, and in laving out triangles it should be endeavoured to make them as 
nearly equifuigulsr, and consequently equilateral, as possible. This is in many cases impossible, 
but the principle should not be lost sight of. The advantage of keeping the triangles as nearly as 
possible in conformity with these rules, is that the further the figure of the triangle deviates from 
the equilateral, the greater will be the error incurred, if some of its dimensions be a little out. A 
glance at Figs. 7Ci91, 7092, will demonstrate the difference between a well and an ill conditioned 
triangle. In compound or instrumental surveying, which has been treated of in Geodesy, ill- 
conditioned triangles are not of so much importance as in simple chain measurements, out in 
every case their employment is to be avoided. 

I T093. 
fOSl. 



ro9i 





To dtstinguish base lines from others of a less important character, they are sometimes termed 
station lines. A station is the point where any main or base line commences or terminates. It 
may thus ooeur not only at these places, but anywhere along a main line wherever another line, 
perlUHps a tie-line, may commence or end. This will be understood from Fig. 7093, which repre- 
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sents a piece of land to be snnreyed by the chain. In the first place a baae line tram 1 to 5 ia 
measured as nearly as possible through the centre of it, and the two trutngles 1, 4, 5, and 1, 6, 5, 
oonstnioted upon each side of it, to taJke in the boundaries. The two tie-lines to check the aooozBCj 
of the measurements are measured from the points 2 and 8, which are therefore stationa upon the 
main or base line 1 and 5. There are in the figure six stations in all, and it will be shown, when 
we treat of the field-book, that they are distinguished by particular marks, not onoly for the parposa 
of preyenting confusion, but also for the sake of gui^mce in plotting the work. As a gmnX 
principle, liable to some exceptions, the best plan is to measure a base line the whole length of the 
sunrey, as nearly through the centre as couY^ent. Upon this oonstruct aa nutny Bobcidiary 
triangles as possible, taking care to tie them in to the main line where neoesssry. The diagram^ 
Fig. 7093, is an example in point There are, however, numerous instances where to follow th|i^ 
course would entail superfluous labour, and the surveyor should know how to vary hia triangtos tc^ 
suit each particular occasion. 

In Fig. 7094 is represented an estate the form of which is not adapted to tiie same i^aiem oC 
lines as would answer for the example. Fig. 7098. 

Those shown are sufficient to determine all the 70M. 

points. Thus taking AB for the main line, and 
plotting it on paper, the point is obtained by the 
intersection of the lines A and E 0, or at least 
supposed to be correctlv obtained. It will be seen 
that it will be checked by another line. Having ^ 
determined the point G, the point L is next obtained 
from K and B by the intersection of lines KL H 

and B L. To find D we sweep a circle with the 

radius B D, and another with a radius equal to L D from L. If all the measurements be coReeL 
the distance between the two points and D will be found equal to that measured, which will 
dose the survey. Although not absolutely necessary, it would be well worth the time to oontinne 
the line H J to B, which would, in case of error, determine at once which of the points, O or D, 
was wrong. 

Surveying Chains, — A description of these, as well of the other instruments employed in the 
operations of surveying and levelling, will be found under Surveying Instruments. Our leasoms for 
preferringthe chain of 100 ft. in length to the standard chain of 66 ft. have already been given in 
Bailway Engineering. On the continent of Europe steel tapes are preferred to chaina. They ha?e 
the advantage of not being so liable to stretch ; but on the other hancL they are apt to beoome bent 
and even broken in bad and uneven ground, and when there is muen cover in the wa^. As the 
length of a chain varies with the tconperature, and also in order to provide for the readjuabnent of 
its length after it has been stretched by use, a standard length should be laid down in the inmia- 
diate locality in which any survey of considerable extent is being conducted. Copings of walk, 
and platforms of railway stations, form convenient places upon which to mark the stenoard length. 
Should those not be available, a couple of stout stakes may be driven into the ground, and sawn oif 
flush with it. Upon their saw-cut surfaces the standard length may be accurately marked. It is 
not a bad plan, as an additional precaution, to drive a third stake in the centre, and mark on it a 
point corresponding to the exact middle division of the chain. In testing the (^ain, care must be 
taken that the rings are quite free from^dirt, and the links perfectly straight, so that the chain may 
play freely along its whole length. 

^Mining Baae Lines, — The method of doing this has already been described under Geodesy, 
when great care and accuracy are necessary, as in extensive trigonometrical surveys. The method is 
the same, whatever description of measure may be adopted. For the usual purposes of surveying, 
the ordinary iron or steel chain, when carefully handled, is quite sufficient 

Laying Off Perpendiculars with the Chain, — After measuring straight lines accurately with the 
chain, the next elementary operation is to set out a line at any angle with a g^ven line, or to ascer- 
tain the angle between any two given lines. In small surveys, where the chain alone is employed, 
this is usuidly confined to setting out lines at right angles to a g^ven or base line. The chain, the 
old cross staff^ the optical square, or any angular instrument of a more complicated natnre, may be 
used for this purpose, and the extent and importance of the line to be ranged ot set out. must 
determine the method to be used. Where the line is short the chain may be employed ror the 
puxpose, but it is not so expeditious a mode as that by the 
optical square. It, moreover, involves a little manipulation, 
in which an error mny be made, whereas the optical square 
performs its task with mechanical fidelity. In Fig. 7095 let 
A D be a base or any given line, and it \a required to erect a 
perpendicular at 0, in the direction G E. Measure ofi' C B 
equal to 30 ft., fix one end of the chain at B, and let it be 
firmly held there. Fix the ninetieth link at C. leaving ten 
links loose, as shown by the dotted line H. Take hold of 
the central brass, or fiftieth link of the chain, pull taut, and 
fix a pin at F. The line ranged through G F will be a per- 
pendicular to A D at the point G. In books upon the subject 
this operation is described a little differently. For example, 
B G is made equal to 40 ft. instead of 30 ft. It is clear that 
as the line A D is fixed, and its direction certain, it is prefer- 
able to make BO equal 30 ft. and GF equal to 40 ft., thus 
giving a longer line to range out the perpendicular G E, 

which may equal 100 ft. or more. The chain must be pulled quite taut at F, as the whole aocuraov 
of the proceeding consists in the triangle being rigidly and evenly constructed upon Uie ground. 
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In A pkmgbed field vpoQ a wet day, with the links of tlie chain dogged with dirt, some caro is 
required to manage the operation inooeeefiilly. 

Theovetically this simple method of oonstmoting a right-angled triangle upon the ground is 
fconded upon the 47th proportion of Euolid. It will be perceived that B F*=BC + GF'or 
(50)* = (80* + 40*). Reduced to the smallest limits the ratio is 5* = (3* + 4^), and consequently 
any decimal multifUication of these numbers yields similarly truthful results. It is, in fact, the 
coDstniotion of a right-angled triangle, in which the relative equality between the hypothenuse and 
the remaining sides is siven in inte^nl numbers. The employment of Uiis method is evidently 
limited to short perpendicularB, as it is against all principles of sound surveying to range or produce 
long lines from comparatively short ones. By the figure, the longest line irom which to Tange out 
a perpendicular to any point cannot exceed 40 fL, and it would not be prudent to extend this 
towaraa B beyond 100 ft., unless onlv approximative accuracy were demanded. This method is 
thereCoie adMiied but for very insignificant distances, and, moreover, should not be used for setting 
out lines at ru;fat angles where they are to form snbiddiary main lines of a survey. It will answer 
well enough rar building up small triangles upon existing base or main lines, in order to get in the 
irrsgolar boundaries of winding rivers or unsymmetrically-shaped woods and fences. The accuracy 
of toe point F msy be checked by an angular instrument, in order to satisfy the surveyor that thiie 
methoa ia, first of all, a correct one, and, secondly, that he can do it correctly on the ground. 

Lof/mg Of PerpemUcularM with IfutrumetU$, — A very ancient instrument for laying off perpendi- 
eolan to a given base line is the cross staff; which has been superseded by the optical square. 
This useful uttle instrument is a pocket sextant denuded of its divided arc and one mirror, and witii 
the other fixed permanently at an an^e of 45° to the line of direct vision. It is a pocket sextant 
oapable of reading only an angle of 90°. Its essential feature is a small refiector, whioli is silvered 
on its lower lialf but left plain upon its upper, thds admitting of direct vision through the latter, 
whilst any object oan only be seen W refiection upon its lower part Suppose it be required to raise 
a perpendioular at any point of a given line. Select any obiect in the line, and, standing over the 
point to which the perpendicular is required, look through a hole in the instrument provi&d for the 
porpoae^ until that object is seen clearly through the upper or unsilvered portion of the mirror. 
IMreet an assistant to take a ranging rod and walk in the direction of the perpendicular, until the 
lod aeeu by reflection from the su voed or lower portion of the mirror, appears to coincide with the 
object, or until the two objects, the one seen by direct and the other oy reflected vision, overlap, 
as it is termed. If the object be also a ranging rod, the overlapping of the two will be very distinct, 
and the position of the perpendicular obtained with great precision. 

Within certain limite this method of laying out perpendiculars is independent of the distanoe, 
bat if the ground is very uneven it is rather tedious, and, moreover, loses some of its accuracy. 
When tiie ground is very rugged and hilly recourse must be had to the theodolite. If; instead of 
setting out a perpendicular from a given point on a line, it is required to flnd where upon that line 
a peniendicular m>m any given object situated to the right or left of it would fall, the operation is 
taapij reversed. In that case, after having flrst set up a ranging rod in the line, and sighted it by 
direet vision, all tliat is necessary is to walk slowly towards it exactly along the line until the image 
of- the object from which the perpendicular is required, is seen bv reflection to overlap the ran^ng 
lod. The point where the obaerver then stands is the position of the perpendicular upon the given 
IhM. It is well to let the object seen by direct vision be at least a couple of hundred feet off 
fSrom the point where the perpendicular is wanted, as the farther off it is situated, the better chance, 
oompazatiyely speaking, of the accuracy of the result 

ubtiruetHmt in Baae Lines. — ^However desirous it may be to run the principal lines of a survey 
clear of aU obstacles and impediments, it is in many instances impossible to do so. In the ranging 
out of the Une it often happens that some obstacle may intervene, which cannot be seen until 
the line is regularly and progressively chained out, and a near approach made to the imijediment 
Flga. 7096, 7097, will explain this clearly. It must be borne in mind that the chief object in laying 
out the main lines of tne survey, is to obtain a 
good series of triangles, and that, provided the 
One selected JB well adapted for this purpose, it 
would be extremely injudicious to divert it, or 
break it up, in consequence of a trifling impedi- 
ment lying in its path. The best line uiould be 
selecied and adhered to, in spite of all obstacles 
and impediments, which merely require care and 
trouble to be successfully overcome. In Fig. 7096 
snppoee the base line to have been ranged from 
D to C. From the point D the other end of the 
base IhM can be seen at G, and intervening rods 
ean be put up in the line of sight at A and B. 
There isy however, an impediment in the shape of 
a house situated right in the line D G, which can- 
not be seen from either D or G. A reference to 
Fig. 7097, which shows a section of the ground 
along Uie base line DG, will demonstrate the 
reason of this. The house lies in a hollow, and 
is evidently invisible from either end of the line. 
After having ranged out the line, and proceeded 

with the chaining as far as the first pomt A, it will be perceived that the house is situated right 
between A and the next point B, and interrupts the line of sight Means therefore must be 
taken for overcoming the difficulty, and for passing the obstacle. At the same time it must not be 
aasdmed, that even had it been distinotly seen that the house would intersect the dureotion of the 
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base line, it should therefore have been abandoned, and another run so as to clear the hofiise* 
It is true that the actual shifting of the line at the point where the obstacle oocfirred, might not 
exceed a dozen feet to one side or the other, but this dozen feet in a base line a mile long would 
throw the end out to a very gpreat extent, and in all probability render it useless as a main line of 
the system of triangulation proper to be adopted under the circumstances. 

The majority of the methods employed for passing objects which interfere with the direction of 
base lines, depend upon one or other of the problems of Euclid, including those relating to the pro- 
perties of similar triangles. The direct measurement should always be obtained where possible, 
and ^Ul in all cases be found more satisfactory. The methods which we are about to illustrate, 
only apply to examples where the interruption is of a very limited nature. Where long distances 
have to be determined with accuracy, there is no other plan of ascertaining them than by the use or 
the theodolite and trigonometrical calculation. One of the simplest instances of an olwtraciion is 
represented in Fig. 7098, where it is re<|uired to pass a house which is intersected by one of the 
main lines. The plan to be pursued oomiists in setting out a line parallel to the main line for a dis« 
tance sufiScient to clear the obstacle, and then resuming the former direction. At some reasonable 
distance from the obstacle let a perpendicular be laid off with the chain from the point A, and the 
distance A a very carefully measured. At the point B set off another perpendicular B 6, of the same 
length as A a. The distance a b should be of a length proportional to the length of the obstacle to 
be passed, as it will determine the direction of the parallel line. This is obtained by ranging a line 
through the points a and b. After pckssing the obstacle at the point c, set off the perpendicular cO 
of the same length as those already laid off at A and B. The point will be in the mrectioii of the 
originid base line, and by sighting from to the next point visible on the main line^ the correct 
direction can be continued. Should it, however, be impossible to see anv of the points on the main 
line previously determined, the direction may be obtained by laying off &om /, on the parallel line 
the perpendicular / E equal to c 0. By ran^g through G £ the Iwtse line may be continiied until 
one of the more distant points can be seen. If this 

operation is carefully performed, it will be found on '^^^ 

checking the direction of the next point arrived at, that D ^ B 

the deviation will cot exceed two or three inches, which 
may be regarded as practically of no consequence. The 
essential points to oe attended to, are the accurate 
measurement of the perpendiculars, and the ranging . 

of the parallel line. It would be very imprudent to -^ 

range a line on, from the other side of the obstacle, 
by this method, without determining some distant 
point bevond it, to act as a check upon the direction, 
for a slip of an inch or two at the obstacle might 
become a serious error at the end of the line. So long 
as the two extremities of a line are fixed, it is com- 
paratively easy to maintain the intermediate points '^ ^^^^ 
in the proper direction. 

Whenever the line has been mnged, and its direction fixed by points at each extremity, one of 
which is visible from any given obstruction, the obstacle may be passed in a simpler manner than 
that already described, and one which avoids the laying off of the perpendiculars, and the consequent 
possibility of errors taking place. Let it be required to pass tiie house in Fig. 7099, situated in the 
line A B, the points A and B being already determined, and the latter visible from the place where 
the house stands. At the point C range a line C K, making C E = E K. Then, from any point D 
in the direction of the base line, range D H through the point E, making D £ = £ H. The line 
H K will be equal to the line G D, and the chaining may be proceeded with from the point D, after 
adding the distance H E = G D to tlie distance al^ady chained. In performing this operation on 
the ground, care should be taken to make the triangles as well-conditioned as possible, avoiding all 
Yerj obtuse and verv acute angles. As, within certain limits, the selection of the points G and D is 
optional, there will be no difficulty in arranging them, so tiiat the triangles G E D and E H K should 
be of the form required. When these departures from the regular chaining of the main lines take 
place, it is advisable to make a small sketch in the field-book, showing the obstacle, the distance at 
which it occurs, and the manner in which it is passed. We have hitherto regarded the obstacles 
lying in the line of sight of the base line to be of a solid nature. Frequently, however, they are 
merely superficial, at least so far as the surveyor is concerned, and similar examples are to be found 
in rivers, lakes, and ponds. In fact, it is impossible to carry out a survey, having any pretensions 
to size, without encountering some of these impediments. An error fallen into in most of the text- 
book on surveying, is that of supposing and taking as the basis for illustration, that the line crosses 
tho river or other impediment exactly at right angles with the banks. This is a great mistake, as 
in nearly every instance it will happen that the line crosses on the skew, and sometimes very 
obliquely. It is a bad plan to attempt to work out a problem in surveying on the ground, without 
having previously solved it on paper or in the head. It should first be studied theoretically, and 
the theory of it satisfactorily demonstrated to be sound, and then it may be safely carried out in 
the field. 

As an example of distance inaccessible to chaining, suppose a large piece of water to be crossed 
by \hb base line of a survey, as represented in Fig. 7100. Let A B be the base Uno, G D the distance 
required. Standing at G, range any line G E. From D, set off D E perpendicular to the base line^ 
intersecting G E in any point £, and from E set off E F perpendicular to G E, and meeting the base 
line in F. Should there be any difficulty in gettm^ a sufficient length of line between £ and the 
water to lay off the perpendicular E F from, tho object may be accomplished by producing G E to 
H, and setting off the perpendicular from the prolong^ part E H. Having correctly oomstmcted 
the triangles on the ground, it now remains to calculate the distance requirod. In the fiist {dace. 
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the triangles DEF and DEO are equiangular, as may be eaAily demonrtraied thuB:— Anele 
CDE = FDE = »0°. Angle CEF = 90° = DEF 4-DFE. But angle C E F = C E D + 
D £ F, and con8e<juently DEF + DFE = CED + DEF. Subtracting the common angle 
DEF from both mdea of the equation, we have angle D F E = angle E D. Conaequently Sie 
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remaining angle D E in the one triangle equals the remaining angle D E F in the other, and the 
two triangles are equiangular. By the sixth book of Euclid, we have the following proportion 
between ^ sides. DF:DE::DE:DC. Multiplying extremes and means, we obtain D F x 

D E* 

D 0^= D E* and D C = -^-^ the distance required. To take another case, let us suppose a river 

has to be crossed by the base line A B in Fig. 7101, and the length D is the measurement wanted. 

We will first describe the practical part of the operation, that is, the construction of the diagram on 

the ground, and then demonstrate the truth of it theoretically. Measure the distance K 0, range 

any une D E H, and from the points E and raise perpendiculars G E, E H to the base line A B, 

meeting the line D H in E and H, taking care to measure very carefully the length of the perpen- 

O £ ^ u E 
dioulars G E and E H. The required distance G D will be given by the formula G D = _. -- -._ . 

Iv. Jd — O 111 

Now for the proof. Draw in the figure the dotted line E M perpendicular to H E. Then the 

triangles H M E and £ D are similar and equiangular, because since the line H D cuts the two 

parallel lines HE, EG, by the first book of Efuclid, angle DEG = angle EHM. For the same 

reason, since M £ and E D are parallel, the angle H E M = angle ED G, and as the remaining 

angle in each triangle is each equal to 90°, the two triangles are equiangular. It follows from this 

that we have the following proportions ;— HM : ME : : GE .* GD. But HM = E H - GE, and 

ME = GE. Substituting these values in the above ratio, we have EH - GE : GE .*: GE : 

C D. Multiplying the extremes and the means, we obtain (EH-G£)xGD = GExGE, 

G E X O E 
and, finally, G D = ,=-^ — ^^^r;, which is the same as the formula given above. If the distance 

CD be considerable, and it is desirable to check the accuracy of the operation, the line H E D may 
be ranged on further upon the opp)osite side of the river in the direction of the dotted line, and the 
distances D E, E H having been measured along it, perpendiculars may be dropped from them 
upon the base line, which should be equal to E H and G £ respectively. If this is carefully and 
orarrectly performed, the error will be very trifling either in direction or amount Occasionally, 
instances will occur where the surveyor must, so to speak, invent a method of his own, but if he 
tbcuoughly understand the principle upon which all such problems are founded, he will have no 
difficulty in applying them to particular examples for which no general rule can be laid down. 

Before leaving the subject of horizontsd inaccessible distances, a few words may be said respecting 
one that was of a most important nature and somewhat difficult to obtain, the more especially as 
minute accuracy was indispensable. The instance in question was the determination of the centre 
spans of the Menai Tubular Bridge. They are 460 ft. wide in the clear, and as no temporary plat- 
form of any description could be erected, it was exceedingly difficult to ascertain the distance by 
direct measurement. It was, of course, effected trigonometrically, but a plan was formed to obtain 
it by what might be termed indirect measurement, inasmuch as it did not involve the use of any 
angular instrument, but depended upon the properties of the catenary. Two plans were put into 
execution. The first consisted in bulging a strong copper wire from a given height upon eacn shore, 
in such a maimer that it assumed the catenary curve, and its lowest point just touched the surface 
of the water when it was quite calm. The level of the water having been accurately determined, 
the wire was then suspended under precisely identical conditions upon the shore, and the horizontal 
distance or chord of the arc accurately measured. By the second plan, the span itself was actually 
measured in a direct manner. For this purpose a number of d&&l rods were threaded on a rope, 
and on a calm day gently fioated on the water, until they came pretty nearly into the position 
required. They were then drawn, by means of the rope, into a straignt line, and as proper care was 
taken that their ends were in close contact, the span between the piers was accurately deter- 
mined. All these three methods, namely, the trigonometrical one and the two just described, 
tallied perfectly in their respective results. It is evident that there was no absolute necessity for 
erecting the wire upon shore in order to obtain the length of the span or chord, for as the length of 
the chain, that is, of the are, was known, and also the abscissa or versed sine, the chord or span could 
be obtained by calculation. Tables have been compiled giving their relative dimensions, and it is 
clear that if the proportions be once known for any three dimensions, they can be ascertained for 
any multiples or submultiples of them. Thus, if S be the half span of the chain, Y the versed sine 
or distance of the lowest point of the curve bcdow the horizontal line, and L the length of the arc, 



2968 



SUBVEYING. 



7102, 




then whatever particular ease may be eeleoted as a datom, it will furnish a basis for the oalonlation 
of others in which the above conditions prevail If for certain values of S and V, L be found to 
have a value of x, then if the S and V become equal toy x & and y X V, the value of L will be 
equal to y x x. For instance, in th^ tables of Da^'es Gilbert, when S = 100, and Y = 20, 
L = 102-6. Consequently when S = 200 and V = 40, then L = 205*2 = length of half chain. 
The accuracy of this may be checked by the well-known formula, applicable to the determination 
of the length of a suspension of chain when the chord and venied sine are known. Using the 
same notation, but bearing in mind that L , in this instance, represents the length of the whole 

chain, we have L = 2 V ( ^-j H — q— . Substituting in this formula our values, 8 = 400 

V = 40, the equation becomes L = 2 V40OOO + 2133-33. From this. L = 2 x 205-2 = 410*4 
which is exactly double the half chain found ^m the tables. A diagram of this is shown in 
Fig. 7102, which ezliibits the deflection of a catenary of the above dimensions. 

It is evident that in those instances in which 
the intervening space, which cannot be directly 
measured, has to he spanned by a structure of iron, 
great accuncv is indispensable. The ironwork 
IS constructe(^ and often partially put together, 
before it is brought to its permanent site. Any 
discrepancy in the measurements would then be 
very serious and only remedied at a great expense. In erecting snspension bridges of large span, 
in which the distance between abutments has to be ascertained by triangulation« or what may be 
termed indirect measurements, the centre link of the chain is generally the last manufisciuied, so 
as to leave room for any slight adjustment in the total length which the direct measurement of the 
span might render necessary. 

Offsets should not exceed 50 ft or 60 ft in length, and shotdd invariably be taken at ri^t 
angles to the main or principal line. Where great accuracy is desirable, or where a long oflbet is 
taken to a somewhat important obiect in the survey, the right angle may be laid off by either the 
optical square or by the aid of the chain only. Under ordinary circumstances ofisets aro most 
rapidly and conveniently measured with a tape, and the eye may be relied upon to give the right 
angle with sufficient precision for all practical purposes. It may be mentioned that there are two 
descriptions of tapes ; one is usually known as the metallic tape, and has delicate copper wires or 
threads interwoven with the substance of which it is composed. The other kind is a plain linen 
tape without any such additional combination. When really good, either of them may be trusted 
at any time to half an inch. In using a tape in wet weather, or upon any occasion when it gets 
wet, it should never be rolled up until it is quite dry. Winding up a wet tape and laying it by in 
its box until it is next wante^ is a certain means of spoiling it. The tape, after being washed, 
should be coiled loosely up, and after canying it for a short time in the open air itl^ be dry 
enough to wind up. The same remark applies to rolling up a dirty tape. 

The same care should be bestowed upon the chain. 
Unless a chain \b properly put up, the links are liable to 
get strained and bent to say nothing of the smaller space 
it occupies and the handy manner in which it can be d 
carried when nicely packed. 

To illustrate the use of ofE^ts in ascertaining the 
actual boundary of any piece of ground, or any fence that 
may serve as a division between different plots of land, we 
select the example, Fig. 7103. Let A B represent a por- 
tion of any main line forming one of the sides of any of 
the principal triangles laid down in a survey, and suppose 
it be required to determine the figure of the fence D, 
the line A B having been plotted upon paper, and the 
respective distances along it where the onsets are set off 
having been marked either with the fine point of a pencil 
or with a pricker, let perpendicular lines be erected at 
these parts, and upon them the lengths of the ofi^ts laid 
off. The length of each offset will be the distance from 
the main line to the fence G D ; and consequently these 
distances having been laid off, the end of each offset gives 
a point in the fence. If all these points or ends of the 
oflrsets be ioined by lines, the shape of the fence or boun- 
dary will be determined. The dotted lines represent the 
ofbets. The example selected in Fig. 7103 assumes that 
the main line runs along or skirts the boundary within 
the prescribed length for offsets. This should always be 
arranged if possible, but it frequently happens that fences 
are so irregular as to preclude this ready manner of deter- 
mining the position of their different points. Sometimes 
a fence will break away suddenly so as to be beyond the 
reach of offsets taken from the main line. Tliis case is 
represented in Fig. 7104 ; the course to be pursued under 

the oiroumstances is shown in the diagmm. When the dihtanoe fh>m the main line A B is 
great to reach the fence by the ordinary offsets, a small triangle mu»t be constructed 00 the 
line, and ofiEsets taken from its sides to the fenoe. In the figure the triangle a 6c enables the 
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to be got in on ttie surrey. The tie-line hd mnst not be forgotten, ob it serves as a check upon the 
moaanoj of the work, as already explained. Although extreme accuracy is not generally needed in 
taking oAbets in the ooen oomitry, yet in the sarvey of cities and towns they must be determined 
▼ery carefully, as the frontages of houses, the areas of gardens, out-premises, and other buildings, 
depetod upon the care with which the measurements are made. Beferring to Fig. 7103 it will be 
seen thai there is no necessity for taking more ot&ets than what are sufficient to obta^ every 
ebange of direction in the fence, as it is always supposed to lie in a straight line between any two 
aucoeealYe oibets. 

The ofbet steif is also used by surveyors, but is only suitable for ofbetB of very limited dimen- 
■ions. It is usually about 6 or 7 ft. in length when the standard chain is employed, but 10 ft. is a 
convenient length when surveving with the chain of 100 ft. At one end of it th^ should be an 
obtuse pointed iron ferule with a steel point for sticking in the ground. At the other end there 
should also be an iron ferule, but without any point on it. lofitead, it should have a strong hock 
attached to the side, and of a size large enough to hold in it the handle of the chain, which 
renders it useful for dragging it through hedges. Havinfl; lined out the length of the ofbet, the 
staff is turned over end for end as many times consecutively as may be required to bring it to the 
point to which the oi&et is to be taken. For this reason the offsets should be limited inlength, as 
errors aocumulate rapidly even with the most dexterous manipulation of the staff, ^¥hen the 
offiet is about 50 or 60 ft, the measurement with a tape is £Bir preferable, and in every instance its 
Qse will be mcne advantageous than that of the staff. 

MeoMmrtment of Hills, — ^In chaining and the measurement of base lines, it has been assumed that 
the ground has been leveL or sufficiently so to cause no appreciable difference between a truly 
horixontal measurement and that taken along the surface. It is seldom, however, that a base line 
of any considerable length can be measured, without it being necessary to make some allowance 
for the sloping and irregular contours of the ground. The necessity for this becomes more apparent 
as ^ snnaoe of the ground departs from the plane of the horizon, as the greater the angle of 
indmation the greater will be the difference between the false and the true, or the inclined and 
borinmtal measurement. There are various methods of arriving ut the true horizontal measurement 
of sloping sur&ces, and the degree of accuracy to which the sarvey is to be carried, must in all 
cases determine which is to be adopted. It is scarcely necessary to mention that the true distance 
will always be less than the appurent one, and therefore, when calculation is used, there will always 
be a rednotion to be made. An experienced surveyor is able to tell pretty well by the eye, the 
allowance to be made in the majorify of instances when only approximate accuracv is demianded, 
•ad the question becomes reduced to taking the next measurement or chain's length, not from the 
end of the former, but from a point obtain^ by makiuji: the proper allowance. The diagram in 
Fig. 7105 will render this operation perfectly clear, but it is one that an inexperienced person will 
do better not to attempt to carry into practice. In Fig. 7105 suppose the chain to be stretched upon 
the inclined surfiMse of a hill and ext^d from A to a, but the real horizontal measurement to extend 
from A to B. The point B where the chain A a will intersect the horizontal is found by taking A a 
in the compasses and sweeping a circle until it touches the horizontal line A G in B. If the line 
B 6 be projected at right angles to A G it will intersect the surface of the ground at 6, so that the 
true distance to be measured along the slope by one chain's length is not A a, but A 6. From the 
appearance of the slope an approximate estimate can be made of the distance a 6, and the next 
chain's length is measured consequently not from a, but from the point 6, and so on, as often as may 
be required. The same process applies to the case of a descent as well as that of an asoent, but 
it is invariably more cUfficult to arrive at a correct approximation of the rate of inclination when 
descending than ascending a slope. 
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The explanation of the method by which tlie distance a 6 is estimated will serve to indi- 

^te a mecnanical mode of arriving at the same result. This latter is preferable when carefully 

^lerformed to that given in Fig. 7105. It should not, at the same time, be repeated too often con- 
«eciitively, as small errors creep in at every step. Let A B in Fig. 7106 be the sloping ground 
%a be measured horizontally. The principle consists in taking up the chain in short lengths and 
liolding one end vertically over the starting points, while the other is fixed or held firmly down. 
Xn the figure let the surveyor be supposed to stand at A, with the end of the chain held vertically 
orer the point A by means of a plumb-line and bob. In the meantime the leader has hold of the 
twenty-fifth link, which he fastens down in the proper direction at 6; the surveyor then slacks the 
end of the chain, advances to the point 6, takes up the chain carefully at the twenty-fifth link, 
leaving the pin in to mark the spot, and holds it over the point 6, or, in technical phraseology, 
plumbs it over the point h. The leader has advanced to the fiftieth link, which he has fixed at c, 
and the operation proceeds in a similar manner to d, and until the summit of the incline is sur- 
mounted. The chain must be well stretched between the points at 6' c, </ d!, in order to render the 
deflection inappreciable, so that it is preferable to take short lengths at a time, instead of long ones, 
alihongh the former may demand more trouble. The steepness of the slope will also regulate the 
jtistarorrft between the SQOceBsive points of measurement, as the chain can only be raised a certain 
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height by hand, and it is absolutely necessary that it be maintained as nearly horisontal as the 
ciicnmstances of the case will allow. If this mechanical redaction of the inclined to the horizontal 
measurement be carefully performed, the result will be a very close approximation to the tme 
distance. Should the hill be very short, the incline may be measured veiy expeditioualy in the 
manner described by means of a goiod tape, provided there is very little wind blowing. 

Having described the two approximate methods of reducing the sloping to the horiiontal mea- 
surement, it now remains to indicate the more exact means of obtaimng the same reanlt It is 
hardly necessary to observe that in large and important national and trigonometrical surveys, 
approximate methods cannot be employed, but all the operations must be performed with the most 
minute accuracy. A glance at Fig. 7105 wiU point out that there are three sides in the triangle 
A 6 B, one only of which is known. By the rules of proportion, as well as of equations* when one 
of these indeterminate quantities is to be determined, two must be given in order to solve the 
question. In the triangle A 6 B, the distance A 6 is given ; and if B 6 were known, the horiiontal 
distance could be ascertained, since (A by = (ABy -f (B6)*, or making A6 = x, A B = y, and 

B = ^, we have for the value of A B, y = V(^*— ^')- But Bb is the difference of level between 
the points A and 6, which can be readily obtained by levelling, as will be shown when treating of 
that branch of the subject. If, instead of the distance B b being known, the angle of inclination or 
the angle B A ^ were ascertained, the problem could be solved equally readily. Buppoae, for instanoev 
a certain number of feet were measured along the slope in Fig. 71 Oo, from A to B, the correct hori- 
zontal measurement of which was A B, but which has to be determined ; let A B = N', A 6 = N, 
and equal the angle of elevation BA&. By the rules of trigonometry for solving right- 
angled triangles, we have N' = N x cosine Qy consequently the difference between the horizontal 
and the sloping measurement varies as the cosine of the angle of elevation, or, in plain terms, with 
the slope of the ground. The difference between these two measurements, or what is called the 
reduction, is evidently equal to (N — N'). As an example, suppose N or the distance A 6 in 
Fig. 7106 to measure 100 ft., and the angle B A 6 15% what is the value of the correct horizontal 
measurement A B, and of the reduction (N — N') ? By the rule we have 

AB = A6 X cosine 15^ = 100 x 096592 = 96-592 ft. 

The reduction, therefore, is equal to 100 - 96*592 = 3*408 ft. The correct distaooe to be 
entered in the field-book from A to 6 is 96*592 ft., but if there is no necessity for noting the points' 
on the plan, the simplest method will be to add 8*408 ft. to the 100 ft. already measnred, and 
commence the next chain's length from that point In other words, 100 ft. on the horizontal 
measurement equals 103*408 ft. on the sloping surface. From the formula and example we have 
given, it is readily perceived that tables can be constructed giving the reduction to be made, or the 
difference between the horizontal and sloping measurement for different angles of inclination. In 
Table I. is shown the number of feet on a sloping surface inclined at various angles that ooRe- 
sponds horizontally to 100 ft. measured along the given slope, and also the reduction to be made ~ 
every chain's length or 100 ft. measured along the slope ; — 

Table I. 




Angle of 
Slope in 
degrees. 



Value of 100 feet 

measured 

horizontally. 



Difference or 
Reductiua. 



3 

6 

7 

10 

12 

14 



99 
99 
99 
98 
97 
97 



862 
452 
2.54 
480 
814 
029 





0" 



1 

2 

2 



138 
548 
746 
520 
186 
971 



Angle of 
Slope in 
degrees. 



16 
18 
20 
23 
27 
30 



Valne of 100 feet 

measured 

horizontally. 



96-126 
95- 105 
93-969 
92 050 
89-100 
86-602 



IMffensMe oc 
Bednctloa. 



8-874 
4*895 
6*031 
7-950 
10-900 
13-398 



tiot. 



If the slope continue uniform, and there are not any fences or other objects to be noted in 
field-book, the chaining can be continued as far as may be considered desirable, and the results r 
the third or sixth colunms given in the Table multiplied by the number of chains measured, 
product will give the total reduction or difference to oe allowed for. 

The Field-hook. — There are but two descriptions of field-books in ordinary use at present, 
one of these is fast becoming obsolete. This latter is about the size of a demy 4to, and in it 
triangles, lines, and offsets, together with the fences, rivers, buildings, and other physical featuL 
of the ground surveyed, are actually sketched. The dimen- 
sions are written alongside the various lines and offsets, and the 
whole is in fact a mere sketch-plan. The other field-book and 
the one to be preferred, consists of an ordinary pocket-book 
opening lengthways, with n couple of red lines about f in. 
apart, ruled in a longitudinal direction down the centre of 
everv page. 

If Fig. 7107 represent a field to be surveyed according to 
the lines and offsets there laid down, it represents also the 
manner in which the measurements and lines would be sketched 
out in the first of the two field-books under mention. There 
would be in addition, of course, the dimensions of the different 

lines, which would be entered alongside of them, or sufficiently close to them to indieaie to wlatk 
they belong. Judging solely from the small example given in Fig. 7107, this description <tf ifeU- 





the 



STJBVBTINQ. 



2961 



7110. 



7108. 



16 



25 
70 



Z8 



3d 
40 

2$ 
18 



30 



13 



IS 



8 



jFronvC 



7109. 






C 

306 
10 28Z 
6 7JBS 



2S3 
200 



30 m 



10 92 



30 60 



J3 



(90 /rvni/B 



^ 



2J3 



A 



A 



2^0 



Aat20S 
vfLamAB 



toT> 



book woald appear to leaye nothing to be desired ; but it is one matter to have to survey a single 
field, and another to undertake a dnty involving many hundred fields, together with a large number 
of buildings. The great difficulty in using a sketch note-book, where the survey is on a large 
scale, is to avoid confiision. Omitting all ftirther consideration of the sketch field-book, let us now 
pass on to investigate the other description. Referring to Fig. 7107, we are required to survey the 
field shown thereon, and reoord the measurements in the field-book so that they may be accurately 
plotted therefipom, and the true figure of the field drawn upon paper. In the first place it must be 
iwme in mind that the field-book is oommenoed at wliat would, strictly speaking, be considered 
the last page. The object of this is that thu surveyor is always looking in the direction of the line 
he is going, both in the field and in the field-book. The meaning of stations has slready been 
eiplained as those points wherever anv of the lines constituting parts of the triangles begin or end. 
There are various ways of distinguishing them. We prefer a small triangle with a dot in the 
centre, more especially as it is the same mark used by the English Ordnance engineers for dis- 
tingidBhing their trigonometrical stations. Commencing at A, the surveyor puts up a rod or pole 
at fi, or any object already existing there will answer the purpose, provided it is strnight and can 
be seen from A. After stretching out the chain in the direction of the line A B, he takes his offsets 
at the points shown. Betuming to the field-book, Figs. 7108 to 7110, he cntera in the space 
between the ruled lines the distanoe along the line where the offset occurs, and 
to the rieht or left of the space the distance in feet or links, according to what 
measure be is using, from the line A B to the fence or other object. This dis- 
tance constitutes the offset As the surveyor is advancing from A to B, all tlie 
oflsets will be on the left-hand side of the line, and consequently plotted to the 
left of the space in the field-book. On arriving at 208 on the line A B, the end 
of the tie-line G D comes in upon the right-hand side of A B. According to 
what has been already stated, uiis constitutes the point 208 a station, and it is 
therefore entered as such in the field- 
book. The remaining lines and offsets 
are obtained and entered in the same 
maimer, and the converse of the problem 
is to transform the contents of the field- 
book into the dia^m represented in 
Fig. 7107. This is the smiplest ease 
that could possibly occur in surveying, 
bat although the field-book becomes 
zmther more complicated where the sur- 
vey embraces Imre estates and towns, 
yet if the principle be once thoroughly 
understood, the more difficult examples 
will give no trouble afterwards. 

In the simple case to which reference 
has been made, the o£bets were all taken 
on tlie same side of the main lines com- 
posing the triangle, but there might be 
objects situated on both sides of those 
linee. If the line, for instance, crossed 
a road or fence, there would be nart of 
it upon the right-hand side ana part 
of it on the left, and at the point where 
the crossing took place the onsets would, 
so to speak, change from the one side 
to the other. Tbi^ is just one little 
detail that has to be attended to here, 
which will render the plotting of fences, 
loadS) and other objects croieed b^ the 
main line of a survey sufficiently intel- 
ligible. It must be borne in mind that 
the space in the field-book enclosed AwivA 
between the two longitudinal lines in 
reality is supposed to represent the main line itself, 
and consequently it is advisable not te have a 
thickness greater than an ordinary ruled line upon 
paper. At whatever angle therefore the line may 
cross the fence, it will always appear as if it crossed 
it at right angles. This is shown in Fig. 7111, 
where a fence is represented as crossing the main 
line twice ; once at 230 and again at 2G5. The 
direction of the fc^ce, or the angle at which it 
crosses, is obtained by the offsets taken on each 
side as near the crossing of the fence as may be 
convenient. In the figure the ofisets at 225, 245, 
and 280 determine the direction of the fence with 
sufficient accuracy for all practical purposes. 

In addition to marking, by means of the station point we have chosen, the positions of the junc- 
tions of lines with others, it is advantageous to know in what direction they proceed, without having 
the tronble of laying down a number of tie and other lines to determine it. Suppose in changing 
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the line A D wo run a line (roni in ttio direction C D, and another in tlio direction E H. it u vril 
to know when marking off (lie poinla C anil E npon paper, on wbat aide of tlie pernndtcnlw line 
tiiose linea reBpcctively lie. I*t Fig. 7112 represent the portion of (he fieM-bocik belonging to Fig. 
7113 in whicli the diiitanceB nnd E correspond to S50 and 700 ft. teapectively upon tbe nuin line 
A B. The direction of tlie lines C D nnd E H is indicated by affixing a little arrow to the itatioD 
point, pointing to that aide of the right angle upon which the end of tbe line* is eitoBted. 



^ 



^ 



2* 


tet> 


u 


30 


r 


60 


i^i 


is 


\ 







A 



I 




Whenever a fenoe makes a bend at right angtot to tbe main line there «re evidently two 
offsets to be entered in tbe eame line. In Fig. 7114 let the fence bend u shown. Then it ■■ 
optional whether the first of&et be written by itself and the second along the bend, and the total 
distance to the outer line of the fence be regarded as the sum of the respective dislsnoes, or whether 
the offsela be vritten instead of 7 and 8, 7 and 25. In the latter case the outside offset, 25. is tbe 
total distanoe to the extreme point of tbe fence. There is a oonvenienee in making the outside offset ^ 
represent the total distance, arising from the fact that as tbe tape is already pulled ont fur the first .^ 
meaiiuremcnt, it is only necessary to pnll it out a little further to obtain the second, and the two an ^ 
thus really got at one operation. In the other case, where they are entered separately as distinct ^ 
oflketa in the field-book, the tape must either be rolled up. after taking the first offset, and pnlled ^ 
out again to measure t)ie second, or a mental subtraction of the one oftset from tbe other made to ^~«. 
obtain and enter them independently. Mental caloulationa should where poasible be avoided in ths^^ 
field, as there is no check upon tliem, and it is sometimea verj' diSonlt to remember afterwards hov^a^ 
they were arrived at To ascertain the poeitioii and dimensions of a honse or bnilding m in Kg— -gg 
7115, it is only necessary to take ofi^ta at each end, the length of the boose b^ug giten by tba^^ 
distance along the main line they are sitnated apart. Although thii is sufficient if ocntectly doo^^^ 
yet a very little error incurred by not measuring the oKets, eapeoiallj if they be lolu; ones at liglL^Kr; 
angles to the main lines, might nuke a serious difference in the actual length of the boilding. Lci ^i -^ 
us suppose that the position of a house is accuiately represented in Fig. 71 IS, with respect to tl^^:^ 
main line C D, by the offsets from E and H being correctly taken at right angles to C D. But if Ue. _^ 
o&ets were, as they might easily bo through carelessness, taken in the directions of the dotted lis. ^ 
then the bouso would occopy the poaition shown by the dotted lines, and its length noold ' 
Increased about a third more than the actual dimensiun. The proper way is to first take the ~ 
in the ordinary manner, and then measure the building all round. This is the more necevaiy, as 
country districts buildings are not always constructed square, and frequently there is a very a 
ciable differeuce in the length of the beck and front. Should a building, with a number of onthi 
such as bams, sheds; cow-houses, and other doecriptions of rear premLsee, he enclosed by a fenoe or 
wall, it will be found a simpler and preferable plan to take the offsets only up to the enclosing r- ^kIJ 
or fence, and make a separate survey of the area and buildings within. In an eileusive survey, a^H^ 
it is the usual practice to first measure the main lines without taking any Ot&et whatever. Thej ^s^us 
then laid down npon paper, and if the survey cloee, that is, if they agree both in length ^M-Dd 
direction, and the triangles also, they are then chained over again, and tbe offsets taken io ^Ble 
ordinary manner. The reason of this manner of proceeding is obvious. As it is always pwn Ug 
errors may occur, let ns suppose a baas line a couple of miles in length measured, and the poMt'Soi 
of objects in its vicinity determined in the ordinary manner by oflaets. Now npon plotting Us 
triaiit|leB, it is fonnd they will not close, and consequently some errors have been made. tj~pai 
eiammation, it is discovered that the position of the above line is wrong, that it has, in &ot, been 
incorrectly ranged. The result is, that tbe whole of the time and labour expended in taking tit 
of&els is Icet, and the only thing to be done is to draw the pen aorosa the pages of tbe field-bocdi and 
start afresh. 

Trarxrse Surveying. — A traverse is (be survey of a polygonal figuiecomnJonoing at any givenpouii 
and terminating at the same. In tracing this circuitous route it is ueceesary to mcMun tbe loigtb 
of the sides, and also Ibe snglcs between them, before a plan of it can be laid down. BefeirinjC k 
the lines in Fig. 7116, let a survey be required of the area oouloined between the stream and Ik 

road. Set out the lines A B, B C, C D N A ; measure the lengths of the iddes and tk 

angles, and it will he evident that the figure may be laid down on paper. Tfae method of proosdm 
ia the field is as follows ; — Starting from a point at which observations can be made on snnomidiM 
objects, as at A, set out the lines A fi, A O, A B, and plant the theodolite at A. Clamp tbelindUH 
Temier-plates at 860', or zero, and turn tbe whole instrument round until the magnetio needkli* 
over the north and south line N 8, and clamp it firm in that podtton. Beleaoe tbe vamiet^bU 
and bring the telescope to bear eonseaotively on A a, A O, AH, A P, A E, and lastly oo AK 
clamping tbe vernier-plate each time; having carefully entered at station A sll tlie andea mads b; 
tbe above lines with the magnetio meridian, and having both clamps flrmlj fixed, the last rca^ 
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bdDg with the teleeoope hearing cm A B, remove the instrument to B, plant it at this station, and 
earefuUy level it. Release only the damp-screw of the limb ; the vernier-plate must not be dia- 
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tnrbed, or the operation will have to be repeated. Now torn the theodolite bodily roand, so that 
the teleeoope reversed may bear on A, where a man must be left to hold a flag-pole, clamp the 
Umb, and perfect the contact by means of the slow-motion screw S, and examine the readings of 
the verniers to see that no distorbance has taken place. A few words are now required with 
regard to the telescope being reversed. This operation places the horizontal limb and the verniers 
ID the same position, with regard to the magnetic meridian, as that which is occupied at A. If, for 
instance, at A, the bearing of A B was 31^ east of north, by doing as directed the theodolite is 
similarly placed at B, with the same vernier still pointing 31^ east of north, and it is the second 
vernier, iying diametrically opposite, which now points towards A, and r^Mling on the limb 
31** -f- 18(r* = 211*'. Belease the upper or vernier plate, and turn the telescope round to bear on ; 
clamp the instrument; read both verniers to get the mean of the bearing BC, which is here 
9€P 5' ; now move the theodolite to G, release the horizontal limb, turn the instrument bodily round 
to B, damp and release the vernier-plate, turn the telescope round to D, and clamp. By reading the 
angle the bearing of G D is obtained, which here is 30° 5' ; proceed in the same manner at 
D, £ . . . M, O, at which station, when the back-sight \b fixed on M, and the telescope reversed 
towards A, the verniers should give exactly the same angle as was read off at A, with the telescope 
bearing on O ; and this because O A marks the same angles with the meridian N' S" that A O does 
with the magnetic meridian N S. If it be so, then the angles have been correctly taken ; if other- 
wise, then their difference is the error committed. Besides taking at A the bearings of A O and 
A B, those of A a, A H, A P, and A E have been also taken. The bearing of A a was taken in 
Older to get in the bit of roaa beyond the bridge, and to show the position of such road in con- 
nection with the lands surveyed ; and also in case the survey has to be extended in that direction, 
as then the instrument would be planted at station a, and the back-sight fixed on A, in the 
same manner as directions have just been given for doing at B, G, D. With regard to the 
bearings of A H and A E, they are taken here only as checks on the work as it proceeds, for it 
will be observed that E A makes with the meridian N" S" at E the same angle west, that A E 
at A makes east with N 8. These observations have equed weight with reganl to the bearings 
A H and H A. The points H and E have been selected at the other end of the survey, and 
of which full view oould be had from A ; otherwise any other points, as F, G, or I, would have been 
taken if convenient. As regards the various bearings on P, let it be observed that these are checks, 
for if there is any error, these beuiugs will not intersect at P, when the work is plotted and the 
bearings AP, EP, G P, are laid off with the protractor. It is necessary that they be taken on 
some object in a commanding situation, such as may be seen at least at several points. Judgment 
is required in selecting such points, as they may onen be very useful to chain upon in order to fill 
in interior work, as fences and buildings. On an extensive traverse this should particularly be 
kept in sight, as it prevents the necessity of having again recourse to the instrument when fiUing 
inu It is to be observed that in Fig. 7116 the stations in the road are all shown as in the centre of 
it; but this has merely been done to avoid confusion, and not to be followed as a rule. On the 
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oontiBij, it la to be nTnided, inasmuch as all tlieae itatlons require to be cftreFQlly marked, eitha —^ 
dliviOK a picket or making w>ma other mark, which la often very airkwaid to do in the — ' — am 
a toad. Tho Btationi abould therefore bo placed somewhere near the raad-edde, bnt to that 
theodolite can be readily Bet up. The traverse being thus set out, the eidea are chained and _j 

offsets taken in the usual manner. With regard to the magnetic needle, ca^e is requited leat i,S~ 
affected bj any loisl attraction ; but by folTowiug the above mclhod t)iere will be opportanit^i-- -j 
ohaerre this at each succeeding station, as the back angles with the meridian are equal to ^ 
torward angles. 

There is a coasidemlile adranl^e in taking from the starting point A sooh benrings as *^ 
and A E. for it mibdiTidea the larger polygon into smaller ones, as in Pig. 71IG, where the fl^ ^ 
AB, B C . . . O A is subdivided by the above bearings into the smaller polygona AB, BC 
EA, and AB, BC . . . HA; we are thua enabled to check the woA as it proceeds: for in ,^1:^^ 
game manner tho three anglee of a triangle are equal to two right angles, and the four angles .^^^ 
fonr-sideii flgore are equal to four right angles; 
80 all theintcriorangleaof a polygon are equal 
lo twice as many right imgles, minus four, as 
the flgnre has sides. The proof of tliia may 
be seen in Figs. 7117, 7118. In tho flrBt, let 
the polygon ab, be , . . ko, bo divided into 
triangles, by drawing lines from each angle 
of the polygon to any point in tlio interior of 
the figure ; then because the three aDgles of , 
a triangle are equal to two right angles, we 
shall have twice as many right anglm as the 
figure has sides, for there ia a triangle fat 
every side, and all the angles formed by the 
linee Intersecting are together equal to four 
right angles ; subtracting theae, we shall have 
for reniaiDder twice as many right angles, less 
four, as the figure has sides. 

In Fig. 711S from anv point a in the polygon draw lines to each of the remaiuing anglea. u a 1 
ad. The polygon will thua be divided into as many triangles as the figure baa wdes, miuns two, 
for there is only one triangle for each of the two sides 06, 6 c, and ai,ik; and one triaogle for each 
<rf' the remaiuing. In any caae, therefore, multiplying 180° by the number of sidee of the polygon, 
miuus two, will give tho interior angles of the polygon. Thus ia Fig. 7116, where the polygon has 
thiitecnaide«,airtheinterior angles wilt be equal to 180° x 11, or to 90° x 2<i = 36(P. In^etanw 
manner the anglea of the polygon A B, BC . . . EA = 180° X S, because the figure has five sides; 
and the angles of tho polyglon A B, U C . . . H A = 180° x 6. tlie figure having eight aidea. The 
rules often given to find the interior aoglee of the polygon lead rather (0 ooufusioa than anythiog 
else. The aimplrst way ia to carry a small semicircuitu protractor, about 3 io. in diameter in tha 
pocket, and plot the bearioga in the field-work, merely writing in the degrees and minntis inside the 
several angles: or even to sketch in two lines, at right angles to eaoh other, for the mognetioineridiaa 
and the east-west line, and sketch in the bearinga as the work proceeds. Many Burveyors sketch 
or ronghly plot a traverse in a field-book, quarto aiie, bat it is very inconvenient in wet, stormy 
westher, when time presses and the work must go on. 

Plotting and Plan Draviing, — In plotting a survey, or drawing the plan, a good deal of latitude is 
permitted to the draughtsman with respect to the manner in which he may fill in the detaila. The 
flrat point to decide is whether the plan is to be eoloured or not. As a rule, plans should always 
be coloured, not merely for the sako of appearance, but for the purpose of displaying the ohanelar- 
istie features of the ground. It will be assumed in future that the plans for whtoh we are about to 
indioote the proptr muthoda of delineating tlioit respective features will be coloured. 

The commoneat and yet the most important objects represented in plans, are buitdinga, including 
ordinary dwelling-houaes, churches, chuptila, outhouses, and many othera of a similar deaeiip- 
tion. &)me of these have a particular outline, but they may be all filled in, as represented, in their 
different ways. It is &equontly not of any importance to ascertain the ecnct shape or aiie of a 
house situated near to the main line of a survey, and alt that is neoeasary ia to determine its actual 

Saition. In this case it is represontoil by one of the two forms Figs, 7119, 7120, and it may be 
led in according to one of three methods. Although the plan be ooloured, yet a house or bnilding 
may be what is termed hatched, or croaaed over with lines drawn in [ndian ink, oa in the 
figure. If this method ia employed, it should always be borne in mind that the lines should be 
drawn to a oonalant angle in every building delineated in the plan, or otherwise a most unpleasing : 
effect will be produced by the want of uniformity. The angle may be either 60° or 45°. These « 
an the moat convenient angles to use, as the ordinary set squares are made lo them. It is, never- — 
tlielesB, preferable lo colour the buildings in a plan, and^ the conventionaf oolour i 




Bnildings may also be coloured with a flat wash of Indian ink, bat, strictly speakiug, this msb 
■hould Be oonflned to the outhouses.iii connection with dwelling-houses, and indicatea an inferior 
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leieription of struoture. This distinotlon is maintained in the ooloored plans of the Ordnance 

iiA{M^ which are drawn to the enlarged toale of ^^^ , and is one which is of considerable import- 

Aoe in surreys of land where it is in contemplation to run a line of railway or lay out other large 
works. As a famiUar example, take a fiEinn-hoase, with its adjoining bams and outhouses. The 
Iwelling-hoase itself is to oe coloured carmine or lake, and the surrounding smaller erections in 
[ndian ink. Ghurohes and chapels are represented in tho same manner, but the former have the 
mtline shown in Fig. 7121, and the latter that in Fig. 7122 . Windmills, water-mills, forges, glass 
ind iron worlu, have also their characteristic conventional sign. Beads of various degrees of 
importance as routes of intercommunication are tinted burnt sieuna, or, what answers TOtter» a 
miztnre of that colour and yellow ochre. A bright yellow, such as gamboge or King's yellow, 
dionild never be employed. It should be carefully liome in mind that a plan should never be 
sokmred, but tinted. In delineating roads they may be divided into two classes — fenced and 
onfeooed roads. The former are represented by hard lines, and the latter by dotted ones. A 
tnmpflce-road is shown in Fig. 7123, a cross or second-rate road in Fig. 7124, and a railroad in 
Fig. 7125. Sometimes a railroad is shown by a single thick black line, and it is always thus 
represented in the parliamentary and contract plans of any proposed line. On the Ordnance 
m^ it is dhown as indicated in Fig. 7125, and it is preferable so to delineate it, as a thick black 
line is not in itself sufficiently distinctive. There is one more distinction which it is necessary to 
observe in the case of roads, and that is, when they are raised over or sunk under the natural sur- 
fiMie of the ground, in other words, when they are embanked, and when they are excavated. A 
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plaii and transverse section of both are shown 

m Fig. 712G*, which need no further descrip- 

tkm. It is scarcdj necessary to make any 

ranark respecting nvers, lakes, streams, ponds, 

and other examples of pieces of water, as blue 

IS their proper tmt, witn a stronger shade near 

the banks. Insteadj:>f using a wash, the same 

eflbot may be produced by lines drawn with 

P^rnssian Uue, but for the reasons already 

given the tinting is to be preferred. A portion 

of a canal or river rend^ed navigable, where 

a lock is placed, is represented in Fig. 7126. 

When it will not interfere with the other 

lettering upon a plan, it is always as well to 

write the wend look alongside its representation, as it is thus indicated to those who are not profcs- 

wkmal men, and may not oe acquainted with conventional signs. 

It is undeniable that to a professional eye at least a good plan is self-explanatory. If all the 
objects are properly and accurately delineated, the conventional tints strictly adhered to, and a cor- 
XQctly divided scale appended, notning more is required to enable an engineer or an architect to lay 
it bdbre him, and comprehend the whole of it at a glance. Accuracy and clearness are the two 
essential points to be borne in mind in the preparation, not merely of plans, but of drawings of any 
deeoription whatever. It is of the greatest importance to define with all possible precision tho various 
Idnds of boundaries or lines of demarcation existing between different portions of land and territory. 
There are a very large number of boundaries and a corresponding number of conventional signs for 
individually representing them. For instance, there are ])arish boundaries, county, union, hundreds, 
iraids, boroughis, liberties, and some others which are pretty nearly extinct at the nresent day. 

The two boundaries most commonly occurring on plans are those of parishes ana counties. They 
axe represented respectively in Figs. 7127, 7128, and consist simply of a succession of short straight 
lines separated by spaces. It is easy to perceive that if 
cazeleesfy executed, they might readily be mistaken for each 
other, and it is not an unusual cireumstance for such to be 

the case. To avoid the occurrence of this it is only ncces- ••••••• 

aary to bear in mind that the lines delineating the parish 

boundary are smaller and thinner than those representing »— ■>• n o ■■■»■■ p n, «^^ » 

that of a county ; and, what w of stiU greater impoftcmce, 7129. 

they are equal in length to tiie spaces between them. In 

addition to properly delineating these boundaries, it is advisable to write alongside them their 
names, but this should only be done once, on some convenient part of the map or plan. Boroughs 
are usually divided into two separate classes, under tho heaos of parliamentary and municipal 
boroughs. The former has its limits defined by small circles, Fig. 7127, and tlie latter by black dots, 
Fig. 7128. It sometimes happens that the same limits may be the boundaries of several different 
descriptions of properties. Thus a fence, for instance, might bo the boundary of a parish, a parlia- 
mentary, and a municipal borough. In such a case the delineation of it would consist of a joint- 
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representation of all three, as shown in Fig. 7129. So also for a oombination of any other 
boundaries which are plotted after a similar fashion. 

Unless otherwise stated on the plan, a hard line denotes afenoe or a boondarj between the two 
portions of land upon each side of it. Ordinary fences are represented by a hard line, and when of 
stone, a distinction may be made by drawing tne latter in red. Some judgment must be ezerdsed 
in using this colour for the purpose. If the plan has other red lines upon it showing proposed 
alterations of the existing features of the ground, such as alterations of the course of rivers, or of 
the direction of roads, which are always represented by red lines, it will be better to draw the stone 
fences in black, and thus avoid all chance of confusion. In Fig. 7130, suppose A B C D to represent 
the existing course of a river which it is intended to alter and improve bv getting rid of tne two 
elbows in it. This would be effected by making the new cut E F G H snown by the dotted Hnes. 
On the plan these dotted lines would be drawn in red, and sometimes the portion of groand 
included within them is coloured with a light wash of the same tint. OooasioDally the lines are 
simply dotted, as in Fig. 7130, but it is preferable to draw them in red, as the distinotion between the 
existing features of the ground and those 
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resulting from the proposed alteration is at ^^^* 

once apparent. The manner in which exist- 
ing works will be affected bv those proposed 
to DO executed cannot be shown too clearly 
on the plan. The usual method of indicating 
the crossing of a road or stream by a bridge, ^ 
is to draw a couple of hard lines across them, 
and leave the space between them which 
equals the width of the bridge, uncolourod. 
At the same time, eiich bridge, according to 
its type of construction and the material of 
which it is built, has its proper conventional 
delineation. Stone and timber bridges are 
drawn nearly alike; the former being dis- 
tinguished by being drawn in red lines, or, 
if the scale of the plan admit of it, the walls 
may be lightly tinted of the same colour. A 
wooden bridge is aleo distinguished from a stone as well as from an iron one, bv having lines drswn 
dosely together across its width to represent planking. The correct manner of plotting an iron bridge 
is given in Fig. 7131 to the left. A suspension bridge is shown to the right of the same figure, the 
distinguishing chnracteristics, namely tne suspension chains, are too clearly defined to allow of 
any room for doubt respecting the individuality of the structure. A draworidge ia ahown in the 
centre of Fig. 7131. 

Enlarging and Reducing Plans. — Of the several methods bv which these operationfl can 
that of squares is the most accurate. This consists in covering the original drawing with aoom^ 
network of squures, and the copy with a similar network, having the sides proportioned so as 
suit the different sizes of the two drawings. Proportional compasses are also used for the same 
pose, and so are the Pantograph and £idograph. Enlarging a plan is a more difficult operation 

the reduction of one. The largo plans of the Ordnance Survey drawn on a scale of nKFh ^^'^ 

to the scale of 6 in. to a mile by photography. The details of the plans so reduced are after 
wards traced on copper plates on which the stations have been previously plotted by the leog^bs o'* 
the sides of the triangles. The only method of reproducing any plan or section wilii oomj ~ 
fidelity is to plot it over again upon the scale which is required. 

Levelling. — Surveying may be regarded as the horizontal, and levelling fa the vertical 
ment of ground, and, in the majority of instances, they are closely connected together. Eqnall 
important as the horizontal delineation of the ground is its correct vertical representation, jjeve 
ling may therefore be regarded as that art by which wo arrive at an exact knowledge of 
superficial configuration of the earth above and below any fixed datum. Thus, for example, if 
datum assumed is Trinity high-water mark, the height of any point above, or the depth below it, 
usually recorded in feet, and decimals of a foot. TMs is shown in Fig. 7132, where LL reprea 
the line of high-water mark, and the heights of the several points A BCD are marked in feet, 
decimals of a foot. Upon tho whole, the best instrument for an engineer or surveyor is the Doin^ 
or Gravatt's level. The simpleiit case of levelling that can possibly occur, is that in which it 
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required to ascertain the difference of level between any two points which can both be seen wither 
shifting tho instrument. Supposing tho two points to be sufficiently near to be within the opti 
powers of tho teh;.scopo, the ixjssibility of ascertaining their difference of lev^ by one setting np 
the instrument will altogether depend upon the amount of that difference. Fig. 7188 wmrend^^' 
this clear. Let it bo required to determiue the difference of level between the points M mod N/^ 
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Set op the instnunent at A, and take a readiug on the staff at B, which put equal to 2 * 10 ft. Now, 
if the diatanee of N from M he not g^reater than what can he seen hy the telescope, turn the level 
xonnd on its axis, and take a reading on the staff at 0, which make eoual to 5*35. liearing in 
. miud that hoth B G and M F are horizontal linea, it is evident that the aifferenoe of level between 
the two points M and N is equal to the height FN. But F N = G N - C F and C F = B M. 
Consequently F N = GN - B M. But by tlie readings G N = 6*35 and B M = 210; therefore 
FN <» the difference of level between the two points M and N = 5*35 - 2*10 = 3*25 ft 

It is easy to perceive that when the instrument is once set up and adjusted for levelling, its range 
of action in that one position is limited. For instance, referring to the diagram with the imttrnment 
l^ted or set up at A, it cannot read a staff placed on any point of ground above the dotted line 
D K. If it were therefore required to ascertain the difference between the points M and £, it could 
not be done with the instrument placed at A. The iubtrument would either have to be shifted 
between the points N and E, after taking the first riding at B and G, or placed upon some higher 
ground, whicn would enable readings to be taken directly upon the staff placed first at one point and 
then at the other. This will be more fully explained when we treat of ascertaining the difference 
of leTsl between several points, or what is usually termed making a section. The readings are classed 
mideir one or other of two titles. They are either back-sights or fore-sights. They have not necessarily 
any refisrenoe to the direction in which the section is taken, but the bark-sight is always taken before 
the fore-sight. In some instances, where intermediate sights are token, each fore-si glit becomes a 
back-sight to the next fore-sight, as will be explained in i1» proper place. In the diagram, B M is tlie 
back-eight, and G M the foresight, and from them tlie following universal rule is deduced. When 
the fore-sight or the sum of the fore-sights exceeds the back-sight or the sum of the back-sights, there 
18 a fidl from the first point to the last, and when the contrary occurs, tliere is a rise between the 
same noints. In this instance, N is greater than B M, and consequently tlu re is a fall, or the 
point N is lower than the point M. The maximum difference of h^vel, either rise or fall, that can 
be observed at one setting up of the instrument cannot exceed the total length of the staff. Let us 
suppose in Fig. 7134 that the reading taken at A is exactly at the zero of the stuff, and that the 
reading at D is exactly at the top line of the ^ ^ 

graduations of the staiL then the difference of ' 

level between A C equals the precise length of 
the staff. If the point G be situated lower down, 
it is evident that the top of the staff would drop ^j;^ 
below the dotted line, and no reading could lie 
observed. It is barely within the limits of pos- 
sibility that, in practice, two rMtdlngs would bo 
obtained of which the one would equnl zero, and 
the other the exact length of the staff^ but the ^ 

illustration is given to show the maximum difference of level that it is just possible to ascertain 
without shifting the instrument. Besides this, it points out that the setting up of the level is not a 
matter of hazard or mere chance, but should be regulated according to the position of the points of 
which the level is required. The more experienced and skilful a surveyor is in selecting the spot 
where to plant his instrument, the more rapidly will he get over the ground. By setting up the 
inatniment in the most favourable spots he obtains a greater range of the staff, and thus diminishes 
the number of times of planting the level which would otherwise be necessary. Nor is this aU. 
The chances of errors creeping in are in direct proportion to the number of times the level is shifted 
between any two points, so that by reducing this number to a minimum, the chances of error are 
also minimized. 

It has been assumed in the three diagrams to which we have drawn attention that the dotted 
lines were horizontal, and so they will be when the instrument is correctly adjusted. The correct 
hoiiaontal of the dotted line A D in Fig. 7134, or the similar ones in the other two diagrams, 
depends, other things being equal, upon the correct adjubtment of the line of collimation. See 

BUBYBTINO iNffTRtJMENTS. 

Having briefly described the simplest case that can occur in levelling, which consists of taking 
merely a couple of readings of the staff, we once more pass on to the general case. This includes 
the ascertaining of the difference of level between any number of points. These relative heights 
may or may not be referred to any one oommon point as a datum. As a rule, they are so referred, 
mlthough it is not absolutely necessary, either for accurate levelling or accurate plotting. Supposing 
therefore all the points which indicate the respective levels of the different parts of the ground to 
be joined by lines, the result is a section, or a representation of the vertical inequalities of the 
ground. In the section relating to surveying, regariied in connection with the horizontal delineation 
of land, attention was directed to the fnct tliat the field-book might be kept in one or two different 
ways. So it is with levelling. The level-book, as it is now termed, may be also kept, and is kept 
in a slightly different manner. Military engineers, moreover, keep their level-books on a system 
differing somewhat from that of civil engineers. There is no actual difference, so far as principle is 
concerned, in any of the methods employed, but, nevertheless, when a level-book, reduced according 
to one system, is put into the hands of a person accustomed only to another, he finds some dififtculty 
in deciphering it and plotting a section from it. 

One page of the level-brok is usually occupied with the columns, and the other reserved for 
remarks and such memoranda as it may be necessary to note during the taking of the levels in the 
field. Sometimes the disposition of the columns is altered. Thus, for instance, the columns of rise 
and fall are in some books put between those of back and fore sights, but this is a point of no 
importance whatever, as it is easy to fall in with the arrangement of the columns, and reduce the 
book with equal facility after a little practice, in whutevcr manner the relative columns may be 
dispoeed. Let us now examine a little into the field-book or level-book given in oar example. The 
datum to which the levels are reduced is assumed to be equal to 100*00, a very ordinary and 
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oonvenient assumption. The reason of adopting tbat figure will be explained as we proceed. It is 
supposed therefore that the first reading is taken on the heel-poet of a gate, whidi 10 termed a 
bench-mark, and usually denoted by the letters B. M. This is entered in the column of back-sigbts 
as 11*56. At a distance of 100 ft. from the B. M. another reading is taken upon the staff, and 
entered in the column of fore-sights as 4 * 69. Xiet it be supposed now that it is required to more or 
shift the instrument beyond the distance of 100 ft., so as to get a fresh back-sight upon the staff at 
the same place where a fure-sight was previously taken. The important point now is to be sure 
that the staff-man, in turning the back of the staff round, does not alter its position with retpect to 
the spot it is held on. Inattention to this particular will completely vitiate the whole section, and 
render accurate results impossible. Returning to the field-book, the next back-sight will be entered 
as 6*40, the next fore-sight as 10*72, and so on until the section is finished. The distances are 
entered in their proper column, opposite the places where the corresponding readings of the staff 
are taken. 

The simplcat description of level-book, or that in which the minimum number of columns is 
required, is represented in the annexed form in Table II. ; — 

Table II. 



Back-dght 


Fore-sigbt. 


Rise. 


Fall. 


Reduced 
Level. 


Distances. 


Bemaxto. 


11*56 


• t 


• • 


• • 


100*00 





B. M. on heel-post of gate. 


• • 


4*69 


6*87 


• • 


106*87 


100 




6*40 


10*72 


• • 


4*32 


1P2-55 


200 




315 


719 


• • 


4*04 


98*50 


300 


In front of house. 


7-25 


2*40 


4*85 


• • 


103*36 


400 




810 


5*16 


2*94 


• • 


106*30 


500 




7-03 


5*23 


1*80 


• ■ 


108*10 


560 




11*44 


2*91 


8*53 


• • 


116*63 


600 




511 


13-24 


• • 


8*13 


108*50 


645 


On coping of wall of chapel. 


8*19 


4*65 


3*54 


• • 


11204 


700 




7-81 


11-12 


• • 


3*31 


108*73 


780 




0*60 


9*48 


• t 


8*88 


99*85 


800 




5*64 


708 


• • 


1*44 


98*41 


900 


On edge of stream. 


12*70 


3*33 


9*37 


■ • 


107*78 


1000 




4*15 


9-80 


• « 


5*65 


102 13 


1100 




99*13 


97-00 


37*90 


35*77 


213 




97-00 




35*77 










2*13 


2-13 
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Reduction of Levels. — Having entered all the readings, and finished what is called the field-worl^ 
the next step is the reduction of the book, or the arithmetical checking of the operation. This 
check must not bo confounded with that which is known as checking the levels, which will 
referred to in its place. The first thing to be done is to subtract the lesser readings from tb< 
greater, and enter the results in the respective columns of rise and fall, remembering that whefl^^ 
8ie fore-sight is greater than the back-sight, there is a fall, and a rise in the reverse case. Thi:^ 
being accomplished, the whole columns of back and fore sights should be added up, and the lesK 
subtracted from the greater, the difference being entered as shown in the example we have select 
Now let the columns of the rise and fall be treated in a similar manner, and if the arithmetic 
correctly performed, the difference will be exactly equal to that already obtained in the forme:.' 
columns. It is just possible that there might be a compensating error of the same amounr 
introduced in these two processes, which would consequently not be apparent, and thus the 
would be invalid. A third column is therefore required, which would render this balancing erroc 
apparent. Tiiis is found under the head of reduoed levels. By adding to the datum the su< 
sive rises and subtracting the falls, the differences between the last reduced level and that datuiEtf=^^*'i^ 
should equal the difference already obtained. When the three operations check, it may be '^^^^'-^'^^Ilot 
upon that the arithmetic is correct, and the book reduced accurately. It must be borne in mind tha' -^^j^^^ 
all this must be done before any of the section is plotted, or otherwise it would have to be drawi^*^ 
over again if any errors wero detected. In some level-books there is a column for intermediate^ 
sights, but it will be seen presently that it is not necessary. An interme<liate sight is one takei^''' 
in tlie first instance after a back-sight, and is in fact a fore-sight, but it differs from a fore-sight^ 
properly so called, inasmuch as the instrument is not shifted, and no second reading is taken at th(» 
same place, to serve as a back-sight for the next forward reading. ^^ . 

It has been mentioned that intermediate sights might be regarded in the light of fore-sighta^«-^[^^ 
provided ^ey wero treated as back-sights for the next reading. In the terms fore-sight ancL^ 
oack-sight, it must be borne in mind thnt they have not necessarily any connection with th^^ 
position of tho telescope at the time of reading them. To some extent they are, in this rei^iect, 
misnomer, and are only strictly correct when oue sight is taken on one side of the instmmeut, and' 
the other with tho tele8co|>e reversed on its bearings. The field-book employed when a column is 
given to the intermediate readings is reduced in tho same manner as that described for the other form. 
In Fig. 7135 suppose the instrument be set up as represented in the diagram, and a reading taken 
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off the staff at A, and entered as 18*20 in the column of back-sightd. If another reading be taken at 
Bi and the instrument be not shifted until after another reading has also been taken at G, then the 
reading at B is an intermediate sight, and is entered in tlie proper column as 5 * 40. The reading at 
G is the forennght proper, and is entered in its proper 
column as 8*20. An intermediate sight is therefure, 
as in fact its name implies, a reading taken anywhere 
between the reading^ of the back and fore sight It 
follows, as a corollary from the above, that when the 
instroment is set up, the first sight taken can never 
be an intermediate, nor can it ever be the last reading 
before the shifting of the instrument. A glance at 
the diagram will indicate that the position of the staff, 
with respect to the instrument, has nothing whatever 
to do with the character of the reading taken on it. 
Thus it is evident that, speaking generally, any number of readings might be taken between the 
point A and the point D, wnere the instrument is placetl. All these would be intermediate sights, and 
entered in the level-book accordingly. The entries in the level-book have therefore no connection 
with the actual positions of the staff and instrument at the time the sights were taken. It is true 
that in order to plot the section, the distances at wliich the sights are taken are noted, but this gives 
merely the total distance from a starting point, and, by subtraction, that between any two sights. 
What is to be observed is, that there is no clue to the exact position of the instrument to be deduced 
from the level-book. There is, however, an approximate clue readily obtainable by inspection. For 
instance, on referring to the copy of the field-book, it will be seen that after the fore-sight 8*20 was 
entered there ia a new back-sight of 4*30. The position of the staff at the former reading was 100 ft. 
firom the starting point. The position of it at the reading of tlie next fore-si^ht is 6*50, and its 
distance 200. Consequentlv, as the level was shifted after reading 8*20, it must have been set up 
somewhere between 100 and 200 ft. from the starting point The reading 10*70 of the intermediate 
sight is of no use in determining the position of the instrument, for although its distance is entered as 
150, yet the level might have been set up at 130 or 170 without affecting the character of the sight. 
Referring to Fig. 7135, the reading 10*70 might have been taken between the points A and D, or D 
and C. 

There are various other descriptions of level-books used, but we shall only mention one more. It 
is yery similar to that already given, only it has a separate column for the height of instrument 
Sometimes this column is substituted for that of intermediate. Those who are practical levellers 
are aware that it is impossible to get a sight very dose to the instrument by looking in the 
ordinary maimer through the telescope. Wh^ the object becomes situated very close to the object- 
glasB, the focus cannot be adjusted for distinct vision. Under these ciroumstances the usual plan is 
to run the eye along the outside of the telescope, and note the reading accordingly. When the staff 
can be seen through the telescope, although not sufficiently clear to dlBtinguish the figures or marks 
on it, a reading ma^ be obtained by causing the staff-man to run his finger up and down the staff 
until it comes within the range of the cross wires, when the reading can be afterwards ascertained by 
the naked eye. Let us now examine into the object of making a column in the field-book for 
recording the height of the instrument, and find out the advantages of so doing. It is nothing more 
than taking a reading at the point where the level is set up. The height of the instrument is obtained 
by measuring accurately the height of the centre of either the obiect or eye glass from the ground and 
entering it in the column. The distance of the iustrument is also recorded, so that not only is there 
mn additional reading obtained by this method, but the position of the instrument is also accurately 
determined. This latter detail is sometimes of importance in checking levels when mistakes have 
been made, and bench-marks are rather far apart. If it is known that Uic instrument was set up at 
vuch and such a spot, it is easy to tell by the eye that it would have been impossible to obtain 
csertain readings of the staff placed at another known point. It may be here observed that if a level 
in suspected of being out of adjustment the errors that would arise in consec^uence, may be neutralized 
by placing the instrument exactly half-way between the back and fore sights. In fact, wherever 
^reat accuracy is required, this precaution is invariably taken, although the instrument may be in 
pcsrfeet adjustment. One reason for pursuing this course is that it renders unnecessary the taking 
into account the questions of refraction and the influence of tlie sphericity of the earth upon the 
leadings. In ordinary levelling these questions are disregarded, but it sometimes becomes necessary 
to take them into account The errors that, if neglected, they would give rise to in levelling opera- 
tions, on a scale similar to that carried into execution by the officers of the Ordnance Department in 
the ^reat trigonometrical survey of the kingdom, dwindle down into insignificance when the object 
in Yiew is simply the laying out of the route of a railway or canal. Bo far as these errors and their 
causes are concerned, the cbmate and the condition of the atmosphere possess considerable inflnence. 
Anyone who has levelled on a very hot day, with a bright glaring sun shining, must have noticed 
the peculiar appearance the readings sometimes assume, and how difficult it is to adjust tho focus of 
the eye-piece so as to be sure to have no parallax at different distances. That it is by no means 
an uncommon affair for even experienced professional men to be out in their levels under certain 
circumstances, is demonstrated by the Suez Canail. The levels of the two seas which it now unites 
were ascertained by several parties of engineers, who all disagreed in their reports. Some main- 
tained that the difference of level was very considerable — so considerable as to be fatal to tlie union 
of the waters, while others said the difference was inappreciable, which has bince proved to be the 
case. 

Correction for Curvature. — The two errors incidental to levelling are those arising from the 
curvature or sphericity of the surface of the earth, and from the peculiar nature of tho medium or 
atmosphere by which it is surrounded. Tho error resulting from tho curvature of the surface 
of the earth arises from the fact that horizontal lines are not level lines. A strictly level line is 
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one in which all the points are equidistant from the centre of the earth. From thii definition it 

will be at once perceived that a horizonal line cannot be a level line, dnoe the point at which it is 

a tangent to the euih*8 surface must be nearer to the centre of the earth thui 

any other point in its direction. So much is readily comprehensible, but for 

the illustration and proof of the error we must refer to Fig. 7136. In the 

diagram let B D be any portion of the surface of the earth, A D a horizontal 

line representing the line of sight of the telescope of the level, and tangential 

to the surface of the earth at I), and the centre of the earth. The points D 

and B are clearly on the same level, whereas B and A are not. But A appears 

to be the level of the point B, as seen by tho observer at D. Consequently the 

difference between the true and apparent level of tho point B is tlie distanoe A B. 

Tliis distance is therefore the measure of the error due to the sphericity of the 

earth's surface, commonly called the error due to curvature. It is alao called 

the correction for curvature. 

It remains to calculate mathematically the value of A B, which is an unknown qnanUtjr, in 
terms of those which are known. By the proposition, A D is the distance, or length of the sight, 
practically equal to the arc B D and the chord B D ; G B and G D are radii of the earth. From 
the 47th prop, of the first book of Euclid we have AG* = AD* + CD*. ButAG ss(AB + BC>, 
consequently (A B + BG)« = A D» + DG«. But BG=DG; therefore (A B + D Cy = AD«+ DC*. 
Expanding, we obtain (A B* + 2 (AB x DG) + DC) = AD' + DG*, and equating, the fimnola 
beoomes AB* + 2ABxD0 = AD*. The value of A B by this equation would be repraented 

AD* .... 6 




by AB« + AB = 



which is a quadratic eqiiation of the form «* + a « s — . The 



2xDG' - - - € 

formula is, however, very much simplified by making an assumption very oommon in mAlheaiatical 
demonstrations. A glance at the diagram will point out that A B must always be relatively very 

of the earth BG. The square of A B will be still smaller, mud it 



small compared with the radius 
may therefore be neglected in the calculation, and the equation beoomes AB = 

AD* 



Aiy 

2xD0 



Or 



putting D for the diameter of the earth, A B = 



Bearing in mind that the denomiiialor of 



2xD 

the fraction is a constant, the correction for curvature is proportional to the square (tf the 
distance, a law which is applicable to numerous other instances wddes that under oonsidefaUop. 
A simple rule for the difference of level is tliat the correction for the eorvatore in feet is 
equal to two-thirds of the square of tlie distunce in miles. This rule is readily deduced firam 

AD* 

the formula A B = - — =r , for expressing both the numerator and denominator in feet, and taking 

Z X LI 

A D equal to one mile, A B = =^rr^ = nearly |. 

Correction for Refraction. — The next cause of error will now be investigated. It will be seen 
hereafter that as they tend in some decree to neutralize each other's effecto, they wUl have to be 
combined in the total amoimt of correction to be applied, but for the present, for the sake of sim- 
plicity, each will be treated of separately. This second cause of error is Known as that of refraction, 
and is due to the varying density of the atmosphere surrounding the earth. By the laws of optics 
a ray of light passing ftom one medium into another of a different specific gravity or density, is Drat 
or refract^ in one or another direction, according as the density of the medium into which it enters 
IB greater or less than that which it has left. Consequently a ray of light passing from a higher 
to a lower level will be refracted in a curve concave to the surface of the earth, since it pannfin from 
a rarer into a denser stratum, the density of tlie atmospheric strata increasing towards the earth's 
surface. But according also to opticiii lawSf ah object is seen in the same direction as that in which 
the rays of light strike on the retina, and therefore the line of vision will be a tangent to Uie curve 
of refraction, and an apparent displacement of the exact level or height of the object will be the 
result As this tangent or visual lino will be above the curve, the effect of refraction is to raise the 
object above its true level, and its connection will therefore be of an opposite character to that for 
refraction. This will bo seen from Fipj. 71H7, where A C, represent- 
ing the correction for curvature, equals A B in Fig. 7136, and A B 
equals that for refraction. Calling the fonuor negative and the latter 
positive, the total correction e<|ual8 AB — AC = BC. Owing to 
the uncertain conditions attending tlie atmosphere, the error due to 
refraction is not capable of being bo accurately determined as that 
due to the sphericity of tho earth, and cannot be expressed by any 

recognized formula. It may, however, be fairly considered to have an average value of about one^ 
sixth of the former error, and from this assumption a formula for its value may be found. Th^ 

2D* 

correction for curvature in feet has, in fact, been found to be equal — ^— i to calling D the distance i 

o 

D* 
miles. That for refraction is equal to D* (| x ^) = — . But since the former is negative 

the latter positive, or, for the sake of simplicity and to avoid a negative result, these signs may 
reversed. The total correction represented by BC in Fig. 7137 will be equal to the difference 
these two fractions. Putting C to represent the total correction for both curvature and refiactioii^ 

we obtain C = D* (| - ^) = --^' = 055 D*. 

The following is therefore the simple rule for ascertaining the total correction for both 
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error ; *^ 8<iiiare the distance in miles, mxxltiply the reeolt by 0*55, and the product will be the 
total oonection in feet and dedmala of a foot. 

It has been stated that wheneyer practicable it ia advisable to set up the instmznent as nearly 
as possible midway between the back and fore sights. By adopting this precaution the errors due to 
currature and refraction are annihilated, since the sum of them will be the same, but the combined 
effects will neutralize each other. 

Boning. — Bonine is a rough description of levelling, which is often performed by foremen or 
gangers in road and railway making. An experienced man, if given a couple of levels at the com- 
mencement and termination of a given grradient, will bone the intermediate levels with very great 
aceuitMy. Boning is performed with ooning rods, which exactly resemble T squares, in the 
following manner ; — 

Let A and B, Fig. 7138, be two stakes driven 
to a certain depth, and according to a given in- 
clination; if on both of these stakes boning 
zods, of exactly eoual lengths, be held perfectly 
upright, these wul be parallel to the incline, 
and if a third rod be carried along the intended 
slope, the top of it will be in a 1^ with tile top 
of the other two, if the incline be correct; if it 
is above, there will be more to cut away; and 
if it is below, the excavation will have been 
made too deep ; this method is certainly but approximate, quite sufficient to guide the excavatora 
for a time. 

Qmtows and Hill Shading, — ^When the ground is horizontal, the signs which we have given are 
quite sufficient to represent the country by the outline and relative position of every object ; but 
when the ground is no longer level, new signs become indispensable to complete the plan, so as to 
make it convey exact ideas of the hills, valleys, ravines, and other undulations of the surface. 
A plan should therefore fulfil these two conditions ; firat, represent the ground so as to enable us to 
ascertain the relative height of the different points, and to judge of the nature of the slopes ; 
second, give a figure of the ground that will immediately afford an idea of its character. The flnt 
condition requires ge(»netriad methods, whilst the second can only be obtained by combinations of 
shades. The geometrical metiiod consiBts in supposing the ground intersected by horizontal planes ; 
the projections of these intersections, or horizontal contours, are then transferred to the drawing at their 
reduced size. Procure a stone somewhat resembling a hill, as maj frequently be found ; fix it with 
clay to the bottom of a box provided with a plug-hole, and sufficiently large to leave a space free 
between the stone and its case. Fill the box with water stained with Indian ink, and let it of^ by 
means of the plug, about a quarter of an inch in depth, at several times, allowing sufficient intervals 
for the fiuid to stain the stone in that plane, 4, 3, 2, 1, it has fallen to at the last abstraction. 
These stains will present a series of horizontal lines or contours, 4, 3, 2, 1, all round the surface of 
the stone, as shown in Fig. 7139 ; and if we examine the stone thus prenared, looking down upon 
the top, we shall see that the steepness and the flexures of its sides will oe accurately marked by 
these contours, which might be said to form a scale of relative steepness. 
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7141. 



The level of the water constitutes a horizontal planey therefore those contoun are the intei^ 
sections of the stone by parallel horizontal planes. What is said of a stone may be said of a hill, or 
of any surface, and those horizontal contoun will give us a geometrical representation of the 
ground. But ii we suppose the horizontal planes of section to be equidistant, we can at once, 
being given the altitude of one point and the equidistance, find the altitude of another point 
The inclination of the slopes may also be found by dividing this equidistance by the perpendicular, 
common to two consecutive contours. A profile of the ground in any direction can also be obtcuned ; 




connect the extremities of those peipendiculm figure the seetioa Elevations may also be drawn 
by the usual method of geometry. 
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By dimiuisliing the cK^uidutance, the description of the nndulations oau beooroe very aoennte, 
and almost exact. It will therefore vary with the scale of the plan, and the nature of the 
ooontry surveyed; and the larger the scale, the smaller the equidistance. In the Irish survey 
of 6 in. to the mile, it was 50 ft. for cultivated parts, and 100 ft. for mountainous and biirren 
districts. lu France, as a role, the ratio between the equidistance and the denominator of the 

scale is constant, and = , a great advantage is therefore gained, since at whatever scale a 

plan is made, the same inclination will always be represented by contours equally distant. At the 

scale , the sections are thus 5 mMres apart ; at , 10 metres, and so on. In exceptional 

1 0000 iSOUvU 

cases only is this ratio altered. Thus, for the most level plains of Champagne, the Ordnance Survey 

adopted the ratio of jjr^ , giving an equidistance of 5 m&tres, at the scale anntux • 

This method of reprcseuting the ground answers the first condition which a plan shoald fulfil, 
and is now adopted everywhere for engineering purposes. The second condition, as we stated, can 
only be obtained by combinations of shade ; and if the conventions we adopt in order to gain this 
object are made to depend upon the principle of the horizontal contours, we shall obtain the very 
important result of combining accuracy with expression. This efiect of shade might be produced by 
adapting the equidistance to the scale and to the nature of the ground, so as to have contours dose 
enough to give a shading. If, on the other hand, we insert a sufficient number of lines between a 
few contours determined by levelling, the ground is not faithfully represented ; the surfose between 
two such contours has not always a uniform slope, and the spcuse between two contoars of the 
drawing would be a mean surface either enveloping or intersecting the real one. The execution 
would be tedious and difficult Hence methods have been devised, some having regard to exprai- 
sion only, others combining expression with accuracy. We may classify them under three beads, 
the French system, the Gorman system, and the English system. In the French svstem the 
hadiures are traced perpendicular to the contours, so tliat the equidistance compared with the 
length of these hachures will at once give the ratio of the slope. The original contours must 
therefore be preserved on the plan, and the proper efiect of light and shade is produoed as follows; — 
MN, M'N', Fig. 7142, being the contours given, the hachures ab^cd are drawn at a duftanoe, 

c = a 6 ; the square they form ia then divided into two equal parts by a' b', and the rectangles 

6', a' d arising therefrom are again divided into two. 
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By this process the hachures are at a distance from each other = } of their length, and in thec^ 
practice the etching is thus expeditiously done. Sliould not the contours be parallel. Fig. 7143, th 
nachures are dnvwn so as to meet them at right angles. This, however, becomes difficult wbei _ 
the contours are far apart, and beginners will find it more easy to pencil intermediate oontoun ica- ^ 
sufficient numbers to have thorn nearly parallel, and the hachures are afterwards kept at the propeL: 
interval. When the distance between the contours is very small, it becomes impossible to diaw 
three hachures in the square ; they arc tiien made thicker and kept at equal intervals, as in Fi^ 
7144. The efiect of shade they produce will thus harmonize with those of less rapid slopes. ThK- 
should be done as soon as the distance of the contours is leiis than about -^ of an inch, and t 
smaller this distance the thicker the etched lines should be. In order to preserve on the drawi 
the traces of the original contours, wiiich are alwavs useful to find altitudes, the hachures of a 8U< 
should not be the continuation of those above A, but should be made to correspond to the in 
of the slice immediately above ; and to avoid the bad efiect B produced by lighter spots, they 
be exactly terminated at the contour G, Figs. 7139 to 7141. In order to secure a unifonni 
of shade for all plans, scales of thickness or diapasons have been adoptcML In the diapason 
the French Ordnance Map, Fig. 7145, the ratio of black to white is equal to the tangent of 

slope multiplied by - . For a slope of 45 degrees the proportion of black to white ie thus 3 : 

All slopes steeper than 45 degrees arc represented as escarpments. The French syatem, we ha^r^ 
said, combines accuracy with expression, but is not expeditious. It is the best for engraved ^ 
In the German system the hachures are also perpendicular to the normal contours, with or 
reference to their equidistance. 
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In the system of Lehmann, Fig. 714G, no regard is paid to the equidistance, and the dopes — 
measured by the angle they form with the horizon. The diapason of Lehmaon giveSi therafior'^ 
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the length and thickness of the hachures from 5 to 6 degreoB np to 45 degrees. The latter dope, 
beioff impraotioable to armies, he represents by absolute black. The ratio of black to white is 
eanal to the ratio of the angle of a slope to its supplement to 45 degrees. Thus, for the slope 
of 35 degrees, the thickness of the hachures is so regulated as to give a tint in which the black 
is to the white as 35 : 10, or 7 : 2. In this method the features of the ground are strongly marked, 
but the tints are too dark, and it is often difficult to read the small writing and see the details. 
In other German diapasons the maximum of shade is taken for 60 deg^rees, but these methods 
requiring the measurement of every angle, are too lon^ in practice. English systems are of two 
kinds ; Uie horizontal style and the vertical style, bou of which had till lately only expression 
in view. The vertical style, Fig. 7147, has onl^ been employed to obtain expression, and it is not 
more accurate than the above style, and requires more time. The horizontal style, with some 
modifications, has been exclusively adopted in all the military schools of tlie Gk)vemment since 1867. 

Thus, with the scale of 6 in. to the mile, the <iottea contours are shown at the vertical 
distances of 25 ft. for all slopes below 5% 50 ft. for all slopes from 5° to IQP, 100 ft. for all slopes 
from l(P to 20^, 200 ft. for all slopes from 20° to 40°. 

With the scale of 3 in. to the mile, these distances would respectively be 50, 100, 200, 400 ft. 
Tliis method is far less simple than the Frencli system, since in the same drawing the distance 
between the contours is liable to vary. There will, however, always be two defects in all the 
varieties of horizontal style. The roads, in hilly ground, deviate but little from the horizontal plane, 
and are not easilv distinguished fh>m the horizontal strokes to which they remain parallel. Again, 
the extreme strokes at the summit and base of a hill cannot be melted into the soft appearance of 
natural shade. Besides these three systems, there are otlier methods of hill shading. Brushing 
with Indian ink is one of them ; but it is not susceptible of great accuracy, and is only employed 
fiv rough sketches. 

To give more accentuation to the features, oblique light has been had recourse to. but it is 
impoflsiDle to represent the real steepness of a slope, since the same slope may be placed in a 
tbmissnd different positions as regaras the direction of light ; hence the same slope is differently 
shaded ; it must sJk) be observed that the horizontal surfeuse having to be shaded, the effect is no 
loDgernatoral. 

Fio. 7148. 
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Plotting the Section,— In plotting a section, the first care is to obtain a perfectly straight datum 

line. This is best obteined by stretching a fine silk thread from one point to the other, and making 

^loints along it at such distances as can be conveniently connected by a straight-edge. The vertical 

'distances at which the rises and falls occur, as shown in the level-book in Fig. 7148, are plotted 

as lopreeented in Fig. 7149. The gradients, if the section be intended for a road or railway, are 

then laid down. They are obtained by taking the difference of heights between the two ordinates 

at the two extremities, and dividing it into the distance or length of the mdient. Thus, in the 

example in-Fig. 7149, there is a gradient of 1 in 120 laid down. The thi<* black vertical line or 

ordinate is marked 42-00, and supposing the ordinates to be 100 ft. apart, we have at the end of a 

borinmtal distance of 600 ft. a rise of 5 ft., and if we look at the ordinate at that distance, it will 

be seen that its vertical height is 47^00. The difference between the reduced level of tlie pound 

and that of the gradient height, or the formation surface of the road or raUway, gives the height of 

the embankment or depth of cutting, as the case may be. Although in the section in Fig. 7149 

the oidinates are shown at regular distances of 100 ft, yet they must be erected at every point which 
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oorrespondfl with a distanoe registered in the oolomn of distanoee in the leyel-book. Fig. 71 
Having plotted all the heights on the ordinates, the points are joined, and the section of the groi^^ 





thus obtained. In commencing to lay down the gradients, there are always some fixed pcnnts which 
gnide the engineer in his selection, as has beien already observed in Bailway Engineeriog, in 
Seating of the clioice of route for a line of railway. 

In conclusion, it may be remarked, that however excellent may be the maps available, yet if a 
really accurate survey is required, the only reliable method is to have the ground surveyed and 

Slotted to ttie actual scale desirable in the particular instance. A corrected plan^ that is; one which 
as the omissions inserted, the superfluities erased, and the necessary alterations introdueed, if 
rarely to be depended upon. In the majority of cases it gives absolutely less trouble to survey the 
ground, than to correct an imperfect plan of it already existing. Moreover, a corrected plan never 
gives that thorough satisfaction and confidence which an engineer feels in one which he huM made 
himuelf. 

See Geodesy. Railway Enoikeerino. 

Works upon Surveying ; — Adams (G.), * Geometrical and Graphical Essays^' 8vo, 1813. Alnalie 
(J.), * Treatise on Land Surveying,' 8vo and 4to, 1849. Bourns (0.), ' Principles and Practice of 
Surveying/ 8vo, 18C7. Smith (J. A.), 'Treatise on Land Surveying,' crown 8vo, 1869. Neabit's 
'Practical Land-Surveyor,* 8vo, 1870. Merrett (H. S.), *Land and Engineering Surveying,' 
royal 8vo, 1871. Gillespie (W. M.). * Treatise on Land Surveying,' 8vo, New York, 1872. I^eot- 
Gen. Frome, ' Outline of a Trigonometrical Survey,' 8vo, 1873. Qaskoll (W. D.)b *• Practice of 
Engineering Field Work,* 8vo. 

SURVEYING INSTRUMENTS. Fb., TnstrumenU de Parpmteur; Geb., MstsmOrumenig, 

All surveying instruments are intended for measuring horizontal, vertical^ or angular distances.^ 
Of the many varieties of these which have been used from time to time, it is our intention 
describe only thoue which experience has proved to be the best adapted for modem prmctioe, botlcf . 
at home and abroad. 

The Chain. — A parf ial description of this simple but indispensable instrument has been given i 
Surveying and Levelling, but there are a few points with reference to it which belong stricUy 
the present article. The correct length of a chain should be that from out to out, that is, from 
outside of one handle to the outside of the other. Oval-t«haped rings are far preferable to roun< 
ones, and there are always in the best made chains three of these rings between each link. At 
distance of every ten links on each side of the centre of the chain there are similarly ma^ed piei 
of brass, so that the brass, as it is termed, at forty links from the one end corresponds with that 
forty links from the other. These mark respectively forty or sixty links, accoraing to the end 
the chain whence the counting is commenced. At the centre of the chain the brass is perfi 
plain, with no nicks or cuts in it. To every cliain ten pins or arrows are attached, pointea at 
extremity, and having an eye at the other. In order to test a chain, it should oe str^ohed 
straight, and a weight of about 30 lbs. hung at one end, the other being made fast. On remo 
the weight the chain should return to its original length, or if a new one, very nearlv so. 

Tapes, — Measuring tai)C8 are made either of linen, or of linen interwoven with fine braas wire, t^ <n d 
called metallic tapes. It is stated that the metallic tapes stretch more than the linen ones, but 
is doubtful. Tapes are apt to fray at the edges, especially if they are slightly too large for the 
an occurrence which sometimes happens when new tapes are put into old lioxes, or when thev 
carelessly wound up. A good box will last out many tapes. In winding up a tape, it should 
allowed to run through pretty closely between the middle and fore finger. If this be not done, i 
liable to get twisted or doubled up inside the box ; and if in drawing it out, it be forcibly pulled 
it ^ets very much damaged. The proper plan in such a caise is to unscrew the winding kncb, 
take the tape out of the oox through the aperture at the centre. Tapes are also made of steel, 
require careful handling, as they are liable to snap. 

Instruments for Measuring Angles by Reflection. — Of these the box sextant and the 
compass are the most useful. The former instrument is represented in Fig. 7150, and forms^ 
shut up, a box, having a depth of 1^ in. and a diameter of about 3 in. When oba^rvatioos 
being made, it is held in the hand, and requires no other support. It will read, by the aidc^^' 
vernier, angles to a tsingle minute, and when once thoroughly aajusted, does not become easily c^^ 
arranged. In using the sextant, the lid or cover A is first unscrewed, and then screwed on to "CAff 
bottom of the box, forming a handle with which to hold the instrument. Many sextants are providec/ 
with a telescope T, which is then drawn out, and the dark glasses having been lowered by means of 
two small lovers, the instrument is ready for observation. B Ib an index arm, having at ita extrem/// 
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a Ternier, of whiob thirty diyisioDB coincide with twenty-nine of the divisionB npon the gradnated 
limb L. Aa the divided apaoea upon the limb each denote thirty minntea, or half a degree, the 
anglea obeerred are read on by meana of 

the vernier to a aingle minnte. The index ^^^^' 

ia moved by turning the milled hetid C, 
whiob acts upon a rack and pinion within 
the box. To the index arm ia attached a 
mirror, called the index glaaa, which movea 
with the index arm, and ia firmly fixed 
upon it, ao aa to have itd plane accurately 
perpendicular to the plane in which the 
motion of the index aim takea place, and 
which ia called the plane of the instrument. (Ql ||t 
Thia plane ia identical with the plane of 
the face of the instrument, or of the gra- 
duated limb L. In the line of eight of the 
teleaoope ia placed a aecond glass, called 
the horizon glass, having only half its 
surface ailvered, which must be so adjusted 
that its plane may be perpendicular to 
the plane of the instrument, and parallel 
to the plane of the index glass when the index ia at zero. The instrument is provided with two 
dark glaaaee^ which can be raiaed or lowered by meons of two little levers, so as to be interposed, 
when necessary, between the mirrors and any object too bright to be otherwise conveniently 
obeerved, as the sun. The eye end of the telescope is also furnished with a dark glaas. In order 
to adjust the horizon glass of the instrument, first put the dark glass in front of the eye end of the 
telescope. Look through it at Uie sun and move the index arm B backwards and forwards through 
a small angle, on either side of zero, until the reflected image of the sun pass over the image seen 
directly through the horizon glasa. If the one image exactly cover the other, so aa to conatitute in 
reality bat one image, the horizon glaas ia in adjustment, that is, it ia perpendicular to the plane 
of the InatrumenL But if thia ahomd not be the case the key K must be unscrewed from the place 
it occupies, and applied to a screw on the top of the instrument^ which acta upon the horizon glass, 
and turned until the adjustment is effected. 

To ascertain the index error, after making the adjustment just described, make the reflected 
image of the lower limb of Ihe sun to ooiucide with the direct image of the upper limb, and take 
the reading of the vernier, and suppose it to be in front of the zero mark. Then move tiie index bar 
back beyond the zero mark of the divided limb L until the reflected image of upper limb of the sun 
coincides with the direct imnge of its lower limb. If the zero of tlie vernier on the index arm be 
now exactly as far behind the zero mark on the divided limb L, as it waa previouslv in front of it 
when making the otiier observation, so that the two readings are identical in value, but of oppoaite 
sign, the instrument is in perfect adjustment. But if not, half the difference of the two readings is 
the amount of the error, and is called the index error, being a constant error, for all angles observed 
by the instrument, of excess, if the flrst reading be the greatest, and of defect, if the second reading 
on the arc of excess be the greatest In the former oaae the true angle will be found by aubtracting 
the index error from the readina; of the'instrument at every observation, and in the latter by adding it. 

Thia error can be removed by applying the key A to a screw in the side of the instrument, and 
turning it gently till both rea<iings are alike, each being made equal to half the sum of the two 
readings first obtained. When this adjustment is perfected, if the zeros of the vernier and limb 
are made exactly to coincide, the refiecteid and direct image of the aun will exactly coincide, so as to 
form but one perfect orb, and the refiected and direct image of any line, sufficiently distant to be 
unaffected by parallax, as the distant horizon, or the top or end of a wall more than a mile off, will 
coincide ao as to form one unbroken line. 

To obtain the angle subtended by two objects situated nearly or quite 
in the same vertical plane, hold the instrument in the right hand, and 
brine down the refiected image of the upper obiect by turning the milled 
head till it exactly coincides with the direct image of the lower object, 
and the reading of Uie instrument will give the angle between the two 
objects. 

To obtain the angle subtended bv two objects nearlv in the same hori- 
zontal plane, hold the sextant in the left hand, and bring the refiected 
imase of the right-hand object into coincidence with the direct image of 
the left-hand object. 

The box sextant is essentially a refiecting one, and in consequence its 
principle is founded upon the same data which govern all instruments of 
a similar character. The results of all refiecting instruments are based 
npon the fact that the deviation of a rav of light after refieetion at the 
index glaas and tluit called the horizon ^lass, is double the angle of incli- 
nation between the two glasses. This will be rendered clear by a reference 
to the diagram. Fig. 7151. Let A represent the index glass of a sextant, 
which is moved by the index arm as required, and B the horizon glaaa 
which is fixed permanently in a plane perpendicular to that of the instru- 
ment. The angle of inclination between the two glasses in any one given poaition will therefore 
equal in the diagram the angle A D B. If we imagine B to repreaent a ray of light impingingupon 
the minor A, it will be refiected from A to B, and bv the laws of optics the angle of incidence K A B 
will equal the angle of refieetion BAD. On arriving at B, the second mirror, the ray of light will 
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be again Teflocfed In tho direction B 0, mttking, aeoordiag to thenUDBlaw, the aagle ABF eanal 
the an^le B D. The total deviation of the ray of light ia mettsured bj the angle A C B, and bj 
the conditions of tho problem this most be equal to twioe the an^e A D B, or that between the 
index or horizon glaaseB, 

Id the two irianglea A H C, B H D the angle A H C eqnale the angle B H D, knd ooueqnentlT 
the nmaining angles HAG, HO A of the one tnangle eqnal the lenuLining angles HBD.HDB 
of tho otbf r. But tlie angle U B D, being the angle or reflection, eqnala the angle ABF, which ii 
the corresponding angle of incidence. This latter angle being the eiterior angle of the tnaogle 
A B D, equaU the two interior and opposite anglee H D B, B A D; therefore the angle H B D eqnali 
the angles UDB, BAD. From aboie tho anglee HAO, HC A wangles HBD + HDB; there- 
fore Buletltuting for H B D its value of tlio angles U D B -(■ B A D, ire have the angleB H A C + 
H C A = angles B A D + 2 U D B. But the angle BAD, the angle of reflection, oqti«Ia an^ 
B AE, the angle of incidence, which is eqnal to angle HAC: therefore the remaiuing aoglsHCA 
or A C B equals 2 H D B, or the angle of detiation of tbe ra; eqoaU twice the angle between the 
glassea. This angle is pmcticall; equal to that gnhtended bv the objeot and its image at the eje of 
the observer. Tlie difference between it and the actual tneotetical angle is oauaUj called the 
parallax of the instrument, which may bo altogether eliminated by properlj handling it. When 
the eye of the observer, the centre of the index glass and the object, form three points in the tame ' 

straight line, this error becomes reduced to zero. In order to obviate the neoeaaity for flnt tegie- 
tering an observation and then doabling it to obtain tlio angle required, the divisions on the arc or _ 

limb are marked doable what they r^ly represent, so that the corrmt angle is read off by tbs ' 

vernier at once. In reading the angle, care shonld be taken to bring the microacope perpendinilarly ^ 

over the vernier, or else the true reading will not be obtuned. A reading taken on the tkew will ^ 

not be accnrate. 

The sextant is not applicable to objects which do not lis approximately in the vme horisontal g 

or the same vertical plane. Btrictly speaking, the two objects, the angle between whii^ is reqoired, J 

onght to be situated exactly in the same plane, but a little departure from this role is of no piao- ^ 

tii^ inconvenience. The observer, even if hia eye be no guide to him , can always tell in lekiDg the ^^a 
angle whether thia oondition is fulBlled or not, aa be will be obliged to incline the sextant to cos ^^^ 
^e or the other, in order to obtain the necessary overlapping of the objects. Tlus is > point that -^ ^ 

requires attention, for anglee observed between two objects sitoaled widely out of tbe same hoii- ^? 

zontal or vertical plane, are incorrect, and a survey bo oondueted will not dose properly. We ^^-v, 
have known conaidenihle errors arise from ignorance and neglect of this necessary precBntian. His ^k.f i, 
is oneof the points in which a sextant is inferior to a theodolite. Bhoold it, however, be abaolntely "^r^ 
indispensable for want of another instrument to find with the sextant the horixontsl angle between -m:m^^ 
two objects which are not sitiuted in the same horiiontol plane, the actual obliqne angk may hna ■ ■ )ju 
observed, and the tme horizontal angle dednoed from it by spheric*! trigonometry. Tfiia is a eaat^s^^tjs 
that rarely occurs in practice, and one that should be sedtdously avoidea. 

The pocket Boitsnt offers a ready method of laying off right angles, for by Mtting the li iiiIhmi_ :~ 
to 90°, It really becomes to all intents and pnrpoaea aa opticsl square. Tbis latter iostmrneot i^lM 
a small sextant with the mirrors fixed at the angle of 4!r, and incapable of recording any otber-^ca 

The mirrors of a sextant after some use get very dirty. The best way to clean them ~'~ ' — "' 

of a small light brush. A telescope, aa already observed, is frequently attached I 

ment, but it is of very little practical use, and only complicates its manipulation. When 

in thorough adjustment a sextant, with proper care, will last so for a very long period. 

T\e rritTiiatie Compaaa. — As this instrument can be used either in the hand or with a ^. 

stand, and with it anglus can be observed with great rapidity and totemble accuracy, it is eqtecisllf C^ly 

valuable to the military surveyor. It is also well adapted For flUiog ia the details of a large '~' 

nometrical snrvey, and was used for this purpose by those 
engaged in making the English Ordnance surveys. It is repre- 
Bfflited in Fig. 7152, and fonnea small and compact instrument. 
Heferring to tho figare, A is a compass card usually divided to 
every 20 , or third part of a degree. L'ndemeatb the card is a 
magnetic needle, turning upon the agate centre B. The vibra- 
tions of the card when pLiying freely can be checked by touch- 
ing a small spring in the side of the boi. Tbo dgbt-vane D 
has a flno thread stretched across it, which should bisect the 
point under observation. Tho sight- vane is mounted on a hinge- 
^oint, which enables it W bo turned down flat in the box when 
it is out of use. E is a prism attached to a plate sliding in a 
socket, so that it can be raised or lowered aa required. It is 
also monnted on a hinge-joint, and can be turned down into 
the box. The prism ia attached to a plate F, which projects 
beyond the prism, and has a nairow slit, forming the sight 
through which the vision ia directed when making an observa- 
tion. On looking through this alit, and raising or lowering the 
prism in its socket, ilistinct vision of tlie divisions on the 
compara card immediately under the sight-vane ia soon ob- 
tained, and these divisions, seen through the prism, aU appear, 
aa each is successively brought into coincidence with the thread 
of the sij^ht-vane by turning the instrument round, as con- 
tinuations of the thread, which is seen directly through the 
part of the slit that projects beyond the priam. 

The method of nsing the instrument is as follows ; — The sight-' 
tamed up upon their hinge-joints, as ropreaented ' "' """ " 
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^Maible, or, If it boosed with k tripod stand, set u oewlj borfrantKl uoui bedoiw 

hj moriug the less of Uiq iUnd, ao thkt the oud mtj pUJ freel;. The prism is then r&iaed in iU 
taektA DDiJ the divUona npan um oud ue leeQ distinctly through ttie prism, and the instrument 
tamed ronnd until the otgeot to be observed is seen thtongb tlie portion of the slit projecting 
faafood the prism inMwot ooineidenes with the thread of the sight-vane. The card is then brought 
to rest bytoachioR thaspiiog; and tlie reading at the dinsion upun the oanl, whioh appeaisin 
euineidaDoe with Ue prolongation of the thread, givea (he magnetic szimuth of the object observed, 
at the angle whioh a straight line, drawn from the eye to the object, make* with the magnetio 
mwidian. The magnetio asimath of a second object beine obtained in the same niaimer, the diffei^ 
eooe between these two ailmiiths is the angle subtended bjr the objects at the place of the e;e, and 
la, DDonorer, independent of naj error in the asimnths, arising from t)ie slit in tlie prism not being 
diauMtrioallj oppoaite to the thread of the sight-vane. 

By taking tna variation of the oompass, as it is termed, that is, the diflbrenoe between the mag- 
Dstio and tns true north, from the Naatical Almanack lor the ;esr, the true meridian line can 
■IWM* be obtained. Althoogb the prismatic ccmpaM is a convenient instrnment for filling in 
details it mnst never be emplored where aocuraoy is required. Owing to numerous causes which 
afleot observations made b; the aid of a magnetio needle^ tlis angles cannot be relied upon to nearer 
than half a dc^ee. In Fig. 7152 there are two dark elassee at O, which may be made to turn 
over the atoping side of the prism, and are useful when observing under a strong glare of the sun. 
A mirm' is shown at H, wldch can be attached to the sight-vane D, or remov^ at plsasuie. Its 
use ia to lefleot an otgect wtten it is mneh bebw or above the level of the observer. A stop is 
pn>vided to UmwUie needle off its centre when it is not in use. 

The Ciienmtteieater Is a compasa rnonuted upon a stand, with sights, and is now only used for 
mining •orvm. 

Th* TluodiSlt. — The modem form of this important instrument is represented in Fig. 715,1. 
It may be ooosldered as consisting 
of three parts ; the parallel plates 
with adjusting screws fitting on to 
tlie atalf-bead; the horizcmtu limb, 
for meamring tite hociiontal angles ; 
and Um vertioal limb, lor measuring 
the vertical aujjea, or angles of 




The boriiontal limb is composed 

<tf two cirealar plates, A and B, 

whioh At aoeni«tel; one upon the 

oQker. The bwer plate projects 

beyond the other, and its projecting 

•dn is sloped off. or chamfered, as 

It u called, and graduated at every 

half degree. The upper plate is 

called the Temier-plate, and has 

portksu of its edge chamfered o^ 

so aa to fOrm with the chamfered 

ed|ce of the lower pUte continued 

portions of the same conical surfaoe. 

tatfas ebamCared portions of the 

u>pv plate are graduated to form 

the Temiers, by which the limb is 

•abdivided to smgle minutes. The 

iS-in. transit theodolite, Fig. 7153, 

iuM two such vemiera ISO° apart. 

Tb« lower plate of the vertical limb 

f* attached to a oonioal axis poaaing 

tbrongh the upper parallel pl^e, 
Mnd terminating in a ball fitting in 
it aocket upon the lower parallel 
talAte. Thia axis is, however, hol- 
lowed to receive a similar conical 
nxj« ground aocuntely to fit it, so 
Uiait the axis of the two oonee may 
be exactly coincident or parallel to 
«>tie another. To the internal axis the upper, nr vernier, plate of the horizontal limb Is attached, 
and thus, while the whole limb am be moved through any horizontal angle desired, the upper plate 
umly ean also be movri throiigli any desired angle, when the lower plate ia fixed by □ 






hichn: 



falimbthronshaBmaUspace, toadjniit it more perfectly, after tightening the collar Cbv the 
vlkmping screw E. There is also a clamping screw for filing tho upper, or vernier, plate to the lower 
pifttft and a tangent-ecrew F, for giving thr vemicr-plato a alow motion upon the lower plate, when 
M> clamped. Two spirit levels G are placed upon the horizontal limb, at right angles to each other, 
and B-tumpasa H is also placed npon it in the centre, between the supports J, J, for the vertical limb. 
The vertical limb K is divided upon one aide into four quadrants, each way from 0° to 90°. and 
SBbdivlded by the verniers, which aie fixed to the axis of tne telescope, to single minutes. Upon 
the other aide are marked the number of links to be dednoted from each ohun, for various aneles 
of inoUnation, in order to reduce tho distances, as measnred along ground rising or blling at tnese 
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angles, to the corresponding horizontal distances. The axis L of this limb most lesi^ in a position 
truly parallel to the horizontal limb, upon the supports J, J, so as to be horizontal when toe hori- 
zontal limb is set truly level, and the plane of the limb K should be accurately perpendicular to its 
axis. On top of the telescope is fixed the bubble P. The horizontal axis L can be fixed by a 
clamping screw M, and the vertical limb can then be moved through a small space by a alow- 
motion screw N. 

Adjustvients, — Before commencing observations with this instrument, the following adjustments 
must be attended to ; — 

Adjustments of the telescope, wliich comprise the adjustment for parallax and for collimation. 
Adjustment of the horizontal limb and of the vertical limb. 

When the image of the object viewed, formed by the object-glass, either &lls short of, or beyond 
the place of the cross wires, the error arising from this cause is called parallax. The existence of 
parallax is determined by moving the eye about when looking through the telescope, obeerring 
whether the cross wires change their position, and are flittering and undefined. 

To correct this error, first afliust the eye-piece, by means of the movable eye-pieoe tube, till the 
cross wire is clearly defined, and sharply marked against any white object. 

Then by moving the milled-Iieadcd screw at the side of the telescope, the internal tube is thrust 
outwards or drawn inward.^ until tlie proper focus is obtained according to the diatanee of the 
object, and the object can bo clearly seen, and ike intersection of the wires, clearly and sharply 
defined, before it. The existence of parallax is very inconvenient, and, where disregarded, has 
frequently been productive of serious error. It will not always be found sufficient to set the eye- 
glass first and the object-glass afterwards. The setting of the object-glass, by introducing won 
distant rays of light, will affect the focus of the eye-glass, and produce parallax or indistinotnesB 
of the wires, when there was none before ; the eye-piece must, in this case, be adjusted again. 

Generally, when once set for the day, there is no occasion for altering the eje-glaas, but the 
object-glass will of course have to be altered at every change of distance of the object. 

In adjusting the instrument, the porallux should be first corrected, and then the enor of 
collimation. 

Adjustment for Collimation. — To collimate a transit theodolite, set the cross wiree on some 
distinct distant object by means of the tangent-screw F. Now unclamp the vertical oixde, and 
the horizontal axis, carrying the telescope with it out of its bearings in the supports J, J. B^ 
it in its bearings with the ends reversed, so that the telescope is upside down. K the eroea 
now coincide exactly with the same point as when the telescope was in its original poaitioD, 
line of collimation is perpendicular to the horizontal axis, and the instrument is in adjustment _i 
that particular respect. But if this coincidence does not obtain, one half of the deviation must ' 
corrected by moving the cross wires by means of the horizontal adjusting screws attached to 
diaphragm, and the other half by means of the tangent-screw F. Reverse the telescope asain, 
repeat the operation until the adjustment is accomplished. The telescope may be reversed for th^ 
purpose of effecting this adiustment in another manner. It may be turned over on its horiaon^ 
axis, and the horizontal limb revolved through an angle of 180^. To adjust the line of 
in a vertical direction the same operation is to be carried out, but the vertical screws a, in Fig. 71 
must be used instead of the horizontal. 

Adjustment of the Horizontal and Vertical Limbs, — Set the instrument up as aoourately as po«ibl> 
by the eye, by moving the legs of the stand. Tighten the collar C by the clamping screw, and, \ 
clamping the vernier-plate, turn it round till the telescope is over two of the parallel plate sore' 
Bring the vertical circle carefully to zero by turning the tangent-screw N. Turn the vemier-^alK^ 











half round, bringing the telescope again over the same pair of the parallel plate screws, and if tlr ^gTi is 

bubble of the level be not in the centre of its run, bring it to the centre, half-way by turning the paraU* 

plate screws over which it is placed, and half-way by turning the tangent-screw N. Repeat 

operation till the bubble remains accurately in the centre of its run in both positions of thetelee~ 

and then turning the vernier-plate round till the telescope is over the other pair of parallel 

screws, bring the bubble again to the centre of its run by turning these screws. The bubble 

now retain its position while the vernier-plate is turned completely round, showing that the inte 

azimuthal axis about which it turns is truly vertical. The bubbles of the levels on the vernier-] 

being now, therefore, brought to the centres of their tubes, will be adjusted to show that the intr 

azimuthal axis is vertical. Now, having clamped the vernier-plate, loosen the collar C by looee 

the clamping screw, and move the whole instrument slowly round upon the external anmnthal 

and if the bubble of the level above the telescope maintains its position during a complete re^ 

tion, the external azimuthal axis is truly parallel with the internal, and both are vertical at 

same time ; but if the bubble does not maintain its position, it shows that the two parts of the 

have been inaccurately ground, and the fault can only be remedied by the instrument maker. '^ 

the horizontal limb is in adjub-tment, that is, when the bubbles of two levels on the vemier-pl^^Bte 

remain in the centre of their run, during all positions of the revolution of either the vemier-pl- 

or the whole instrument around the vertical axis, the bubble above the telescope should be in 

centre of its run when the vertical arc or circle is set to zero. Should this not be the ease 

an index error which must be allowed for in all observations made with the vertical limb. 

The bubble tubes are frequently mounted with capstan-headed screws at both enda, but in 1 
theodolites and levels of the most modem make, they are mounted with a hinge at one end and a silk. .0^ 
screw at the other, as hhown in Fig. 7156. This is by far the best method of mounting them, as tV *<J 
retain their atljustments more permanently. There is this difference to be remarked respecting ttm^ 
nature, and it is necessary to be certain that in the latter plan it can never happen that the hin^w/ 
end should ever require lowering. Fig. 7154 will render our meaning clear. Since the bubble eAirmjB 
runs to the highest end, there in no necessity of raising or lowering more than one end of the tube, pv^ 
vided the other is free to pivot upon a hinge, but not to have any vertical motion. In Fig. 71M let A B 
represent the correct position of the bubble tube when the instrument is properly set up and levelW. 
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Let A be the screw end, and B the hinged eztremitT, which it must be borne in mind cannot by 
coDstraction be raised or lowered. Snppose the IcTel tube to be deranged, and tlje screw end to 
oocnpy the position shown by the dotted line G B, 
it is evident that it may l>e restored to a hori- 
aootal position either by lowering the end O to 
the noint A or raising B to the point D, the line 
G D being parallel to A B, and therefore horizontal. 
Bnt as the end B cannot be raised, the only 
altematiTe is to lower G. But suppose the instru- ^.* 
ment is badly constructed, so that, after lowering 
the moTable end as much as possible, that is, screwing it down as far as the screw will go, it still 
remains too high. Then there is no remedy but that of sending the instrument to the maker 
to have the bubble tube taken off and remounted. Referring to the diagram for an illus- 
tration, suppose the end A to be deranged so as to occupy the position shown at E, and that after 
screwing it down as far as possible it can only be brougnt to G, the bubble tube will then occupy 
the position shown by the dotted line G B, and will be always out of level until remounted. A 
similar contingency is represented by the dotted lines F B, H B on the lower side of tlie line A B, 
on the supposition that the movable end at A has been lowered by derangement instead of raised. 
In the eztridme case we have selected, it is supposed that the end A which wsis at H could not be 
raised higher than F, and as B could not be lowered to K, the position of the bubble tube would be 
represented by the dotted line F B. In purchasing a theodolite or a level with the bubble tubes 
moonted on a hinge, if when the instrument is set up aud levelled the movable or screw end of the 
tube is raised much above its bearings, it should be rejected, as the tubes will never be steady under 
the least rough usage. When all the parts of a theodolite or level are fresh from the bands of the 
maker, all the adjusting screws diould be nearly home, and the instrument will then be in what is 
termed permanent adjiStment. 

The next point to be considered with respect to a theodolite is the position of the verniers. 
These are two in number, placed opposite one another, that is, at a distance of 180° apart on the 
divided limb. The verniers are sometimes fixed at the proper distance apart in the making of the 
instrument, and at other times are movable, so as to be capable of accurate adjustment when" re- 
quired. The obiect of having two verniers is to ensure great accuracy in the observations. When 
tnis IB needed, the angles are read off by both verniers and the mean taken, which tends to reduce 
any small error that might otherwise occur. In the diagram in Fig. 7155, let A B represent the 
normal position of the verniers of a theodolite, that is, when 
they are both at zero, A being one vernier, and B the oth^r. 
Suppose a reading is taken with the vernier B only, the angle 
read being equal to B D. But snppose also in ihe reading of 
the angle an error is made in excess equal to D F, which 
would be equivalent to reading the angle B F instead of B D. 
One reading only being taken with one vernier, the error 
remains. Bnt ii when -the angle BF is read by error, the 
angle A be read with the ouier vernier, and the mean of 
the two readings AO and BF be taken, the error becomes 
reduced to I) K or half D F. Instead of supposing the read- 
ings to be wrongly taken, if we imagine trifling errors to exist 
in the yerniers themselves, the same line of reasoning holds 
good. Trifling errors do exist in the verniers, and it is for 
tiie purpose of nullifying them that they are both used* In 
ordinary practice it is not necessary to use both verniers, and 
the surveyor should always use the same vernier during the 
same series of operations, makmg a slight scratch on one of 
the verniers so as to be able to distinguish it from the other. 
When the verniers of a theodolite aro flxed by oonstruction, if they do not each coincide with the 
zero of the divided lower plate to within three or four minutes, the instrument is faulty. Having 
oompleted our remarlm on the levels and verniers, there is still one more important considerBtion to 
attend to. It is the vertical position of the supports J, J, in Fie. 7153. In some instruments, 
always in those of a large size, there is a separate adjustment for this purpose, but in many there 
is none, the supports being set vertical by the maker. To ascertain this, set up the instrument 
accurately level, direct the intersection of the cross wires to some well-defined vertical line, such as 
the ^uoin of a building, and move the telescope up and down. If the intersection of the wires 
coincide during the whole motion of the telescope with the edge of the quoin the construction is 
good, if not, bad, and the fiiult can only be remedied by the maker. As a piece of practical 
adyio&; always turn the instrument in the same direction either backwards or forwards, bat not 
indifferently backwards and forwards. The reason for this is, that there is always some lubricating 
substanoe present between the axial bearings, and if the instrument is constantly turned in the 
same direction, this is always maintained in a smooth and even state. But when the rotation is 
backwards and forwards it gets rubbed up, and interferes with the evenness of the movements. 

JEreresfs Theodolite, — In Evere»9t's theodolite, a number of which were made for use in India, 
instead of the upper parallel plate there aro three diverging arms, with a vertical foot screw sup* 
porting the end of each. In setting up a theodolite over any station, a plumb-bob is hung from a 
small hook which is placed in the upper part of the legs, and is situated exactly under the vertical 
axis of the instrument On referring to Fig. 7153 it will be seen that the microscope R for reading 
the divisions on^the horizontal limb is mounted on a little bracket, which slides in a groove in the 
lower part of the rim of the Umb. This is a complete mistake in the construction of the instrument, 
and it is astonishing that the makers have not altered the arrangement. As the microscope is only 
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needtd to read the Teroier, Bud that portion of the horizontal limb oarrsapoDding to it, tbe pKpn 
plaoe Tor it 18 oa the vemier-plate. Aa the vemier-pluta iBTolved it would t*i^ the miorosooiie 
with it, and it woald always bo where it iraa wanted. In the poeitjon in Fig. 7153 it ia not aalj in 
tbe way, but when Bhifted along its groore it ia very liable to diatarb the lerel of the inatminent. 
It ma; be nsetul for tboae who are in poaaesBion of oradla theodolitea to know that thej oan be ooo- 
TGrted into transit theodolites. 

Levelling Ihitrumenls. — The three beat-known lerela are the Y< Trou^ton'a, and Oisrat^a, a 



tube it sprung at its aperture, 
and gives a stead; and eren 
motion to the internal tube, 
which is throst out, and drawn 
in, to adjust the focus for objeots 
at different dlstiuiccfl by meana 
of the milled-)] eaded screw B. 
The spirit level is placed above 
the telescope, and attached to 
it b; a binge C at one end, and 
ft capstan- 1 leaded screw D at 
the other, by means of which 
tbe bobble can be brought 



thec< 



re of it 







Band thebaifiivacompMS-bosirnqmied. A eirenlsi lerel ? 

El, parallel to the principal lerel G, 1^ which the ir*' ' 

arty vertic' 



line of oollimatton is adjusted. 

The telescope is attached 
to a borizcntol bar E E, hut 
room is just left between the teleao 
ia placed upon the horizontal bar 
oan be Bet up at once witli the aiia nearfy vertical. 

The telescope is attached to the horizontal bar by coanterEonk Mrewa »t H H, by which the , _ ^ 
line of collimatlon is set perpendicular to tbe vertical aiia, and the initmment ia set np upon -v^w 
parallel plates, as in tbe case of the theodolite. 

In setting up the instrument in the field, when it ia in perfect adjuitment, the teleaco» i^«.^ 
placed over each pair of the parallel plate screws alternately, and they are moved till the bnbbl^^^- ; 
settles in tbe middle of the tube, and the operation is repeated till the teleecope can be tnmei^ 
quite round upon the staff-head, without any change taking place in the position of the bubble. 

Adjustmenti of the Lerel. — The adjnstment for parallax is made in the same manner m for tl^ 
theodolite. Tbe collimating of a dumpy level is not so simple an operation aa in the case c 
the Y level or the theodolite, since the telescope cannot be either rotated or reverted, that i>-jKr u 
tnincil upside down in its collars or bearings. A simple method of placing the collimation i^ jg 
adjnstraent is ss fullaws. In Fig. 71ST let the level be accurately set up at A, and readings tak^^^^g, 
at B and C two points equidis- 
tant from A. Let the level be »>)' 
shifted and set up at D, and 
readings again taken at B and C. 
Let these readings be respec- 
tively B', C, B„ C,. When the 
collimation is in adjustment we ' 
have (B' - C) = B,~iC, + d), 
in which equation d is tbe difference of the curvature of the earth for tbe distances D B and DC U 
^B'-C')>B,-(C,-(-iO, the line of oollimation points downwards; butif (Bi-Ci)<B,-(C, -f li), 
it pointfl upwards. When (B' - C) = (B, - C,), the line of collimation will point downward s ty 
anamountequaltothedifferenceofthecnrvatureof the earth for the distances DB and DC. fc^ ' M 
(B'-C»)-(B, -C-d)= ±E; then we have BO : ± E :: DB : ± E'. The reading on -^U« 
staff at B from station D should be eqnal toB'^t:', and the horizontal wire can be adjusted. la 
read this by means of the diaphragm screws K K in Fig. 715& The following is Qravatt'a metfczwd 
for collinuiting a dampy. "On a tolerably level bit of ground drive three stakes at dittai»-^» 
of about four or fire chains apart. Call the first stoke A, the second B, and the third C. Set <9 
tbe level hslf-way between the stakes A and B, and take re«dings on tbe staff A' and B', tjm. ^ 
although the instrument be out of adjustment, the two readings will be equidistant tttm •'i' 
earth's centre. 

"Now remove the inslmment to a point half-way between B andO. Ag*jnre*dcfftbe» '*' 
on B, and read also a staff placed on the stake, which call 0. Now, by adding the dilbtw^* 
of the readings on B, with its proper sign, to tbe reading on C, we get three points, wy A', ^' 
nnd C, eqnidistHQt from the caith's centre, or in the same true level. 

" Place the instrument at any short distance, say half a chain beyond it, and, using the but*'*'' 
merely to see that you do not disturb the instrument, read all three stoffa, or, to speak n>^[* 
Oorrwllj. get a reoifinB from each of the stakes A, B, C ; call these throe readings A", B", <^ 
Now,^ if the stake B be talf-way between A and C, then ought 0" - C - (A" - A'> to be eqi»J (o 
2 [B" — B' — (A" — A')] ; but if not. alter tbe screws which adjnst the di^hiagm, ana eoo- 
lequeiitly the horizontal spider line, or wire, until sucli be the case, nnd then the inatnuntct wi" 
be adjusted for collimation. 
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** To adjast the spirit bubble without rcmoying the instrument, read the staff on A, say it reads 
A'", then adding (A^" - A') with its proper sign to B' we get a value, say B'". 

" Adjust the instrument by means of the parallel plate screws to read B"' on the staff* B. 

** Now, by the screws attached to the bubble tube, bring the bubble into tlie centre of its run. 

|*The instrument will now be in complete practi&d adjustment for level, curvature, and 
horiiontal refraction, for any distance not exceeding ten chains, the maximum error being only 
^Jfej^ofafoot" 

Whatever be the distances between the stakes A, B, C, the following proportions ought to hold, 
namely; — 

The distance ttom A : B : the distance A to C : : B" - B' - (A" - A') : C" - C - (A" - A*). 

If this adjustment be made by one of the countersunk screws at H H, instead of the parallel 
plate screws, the line of coUimatiou will be brought into its proper position with respect to the 
vertioal axis. 

To set the Axis of the Telescope perpendicular to the Vertical Axis round which the Instrument turns, 
or, in other words, to make it traverse. — Place the telescope over two of the parallel plate screws, 
and move them, unscrewing one while screwing up the other, until the bubblu of the level settles 
in the oentre of its run. Then turn the instrument half round upon the vertical axis, so that the 
oontimry ends of the telescope may be over the same two screws, and, if the bubble does not again 
settle at the same point as before, half the error must be corrected by turning one of the counter- 
suDk Msrews at H H, and the other half by turning the two pc^allel plate screws over which the 
teleaoope is placed. Next turn the telescope a quarter round, that it may lie over the oiJaer two 
sorewB, and repeat the operation again and agam until the bubble remains in the centre of the 
tube during a complete revolution of the telescope. When the adjustmeuts of a dumpy level are 
well and thoroughly made, the instrument will remain in excellent working order for many years. 
The remarks respecting the manner in which those adjustments should be made with regard to the 
theodolite are equally applicable to those of the level. 

7%0 Vernier, F*ig. 7158, is so constructed as to slide evenly along the graduated limb of an instru- 
ment, and enables us to measure distances, or read off observations, with greater minuteness than 
we oould without its aid. In another kind of vernier scale, the divisions on the lower or subsidiary 
■eale are longer than those on the upper or primary scale; but in the vernier now to be 
described, the divisions are usually shorter than those upon the limb to which it is attached, the 
length of the graduated scale of the vernier being exactly equal to the length of a certain number 
(N— 1) of the divisions upon the limb, and the number (N) of divisions upon the vernier being one 
more than the number upon the same length of the limb. 
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Let, then, L represent the length of a division upon the limb, and L, the length of a division 

N-1, 1 



N 



L = -_ ^ L ; or the 



upon the vernier ; so thut (N — 1) L = N L, ; and therefore L — L, = L — 

defect of a division upon the vernier from a division upon the limb is equal to the Nth part of a 
division upon the limo, N being the number of divisions upon the vernier. If N divisions of the 
Temier were equal to (N + 1) divisions of the limb, or (N + 1) L = N L|, then would 



L, -L = 



N+1 

N 



L-L=j^L; 



Or the excess of a division upon the vernier above a division upon the limb would be equal to the 
Nth part of a division upon tiie limb. With this arrangement, however, we should have the incon- 
Yenience of reading the vernier backwards. 

In Fig. 7159, nx divisions of the vernier are equal to five divisions of the limb ; and conse- 
quently tne above defect, or L — Y, is equal to a sixth peurt of a division upon the limb, or to 20', 
mnoe a division of the limb is equal to 2^. 

In Fig. 7158, ten divisions of the vernier are equal to nine divisions of the limb; and conse- 

Snently L — Y is equal to a tenth part of a division upon the limb, or to the hundredth part of an 
icb, a division of the limb being equal to the tenth part of an inch. 

We must, in reading, first look to the arrow, as pointing out the exact place upon the limb 
it which the required measurement is indicated. If^ then, the stroke upon the vernier at the arrow 
exactly coincides with a stroke uix)n the limb, the reading at this stroke gives the measurement 
lef^uired ; but, if the stroke at the arrow be a distance beyond a stroke upon the limb, then will 
thiB distance be equal to once, or twice, or thrice, the difference of a division upon the limb and 
upon the vernier, according as the stroke at the end of the first, or second, or third, division upon 
the vernier coincides with a stroke upon the limb. 

The stroke upon the vernier, Fig. 7159, at the arrow falls beyond the stroke indicating 22° 
npon the limb, and the stroke at the end of the second division upon the vernier coincides with a 
smke upon the limb ; the reading therefore is 22^ 40'. 

The stroke upon the vernier, Fig. 7158, at the arrow falls beyond the stroke indicating one 
inch and three tenths upon the limb, and the stroke at the end of the sixth division upon the vernier 
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coincides with a atroke upon the limb ; the reading therefore is 1 * 36 in., or one inch three tenths and 
six hundredths. 

The limbs of the best sextants are now divided at eyery 10 minntes, and 59 of these parts are 

made equal to 60 divisions of their verniers. In this case L — Y^ ^k = 2;^ = ^^*! ^ ^^^ ^^"^ 

GO ou 

instruments can be read off by the aid of their verniers to an accuracy of 10 seconds. The vemien 

occupy on the limbs spaces equal to 9^ 50'. That is, according to the eradnation of the instrument ; 

but as the angles observed by a sextant are double the angles moved over by the index, the limb 

of the instrument is graduated, as though it were double the size ; so that the vemiers really 

occupy an arc of 4° 65 only. 

The limbs of small theodolites are generally divided at every 30 minutes, and 29 of these parts 

are made equal to 30 divisions of their verniers, wliich therefore enables us to read off to an accunoy 

30* 
of ^ , or r. In the mountain barometer, the scale being divided into yl^thB of an indi, 9 of 
oO 

these parts are made equal to 10 divisions of the vernier, which therefore enables us to read off 

to an accuracy of -1^/^?^^^ of an inch. 

We have, lu the above explanations, onlv considered the case of an exact coincidence between 
some one of the strokes upon the vernier and a stroke upon the limb. Suppose now that in Fig. 7159 
the stroke at the end of the second division, instead of coinciding with a stroke upon the limb, fell 
a little beyond it. while the stroke at the end of the third division fell a little short of a stroke upon 
the limb ; then tne measurement indicated would be something between 22° 40* and 23^, which the 
observer, should there be no other mechanism attached to ue vernier, must estimate by guess, 
aeoording to the best of his judgment. 

Diaphragma^^In looking through a telescope, a considerable field of view is embraced ; but the 
measurements indicated by any instrument, of which the telescope may form a part, will only have 
reference to one particular point in this Add of view, which particuUur point is considered as the 
centre of this field of view. We must therefore place some fixed point in the field of view, and in 
the focus of the eye-piece, and the point to which the measurement will have reference will be 
that |X)int of the object viewed, which appears to be coincident with this fixed point, or which, 
according to the technical phrase, is bisected by the fixed point. 

The intersection of two fixed lines will furnish us with such a fixed point, and consequently 
two lines of spider's thread, Fie. 7160, are fixed at right angles to each other in the focus of the 
eye-piece. They are attached by a little gum to a brass ring of smaller dimensions than the tabs 
of the telescope, and which is fixed to the tube bv four small screws, a, 6, c, d, and constitutes the 
diaphragm in its simplest form. If the screw d be eased, while at the same time c is tightened, 
the ring will be moved to the left ; but if o be eased and d tightened, the ring will be moved 
to the right ; and in a like manner it may be moved up or down by means of the screwB a and 6. 
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The diaphragm mostly placed in these telescopes of theodolites is shown in Fig. 7161, and that 
in those of levels in Fig. 7162. The two vertical lines in the latter, D and £ F, serve to show 
at a glance when the staff is held vertical in one plane. 

Plotting Surveys, — The prin- 
cipal instrument used in laying 
down the points of a large survey, 
is the protractor. When consider- 
able accuracv is required, a semi- 
circular, or, better still, a circular 
protractor should be used, similar 
to that represented in Fig. 7163. 
The circumference is a complete 
circle, and attached to the centre 
by four arms, or radii, A, A, A, A. 
At the centre there is an open 
space, which is surrounded by a 
ring or collar B, which carries two 
radial bars G, 0. To the ex- 
tremity of one bar is a pinion D, 
working in a toothed rack quite 
round the outer circumference of 
the protractor. To the opposite 

extremity of the other bar G, is , . 

fixed a vernier, which subdivides the primary divisions on the protractor to single minute^ mm vj 
estimation to thirty seconds. This vernier, as may readily be understood from the engraving) u 
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etrried found tbe pioiraetor by tnrning the pinion D. Upon each radial bar 0, la placed a branch E, 
oarrying at ita extremitjr a fine steel pricker, whose point is kept above the surface of the paper by 
a ipiiiig placed nnder its support, which gives way when the branch is pressed downwards, and 
allows the point to make the neces^ary puncture in the paper. Tlie branches E, E, are attached 
to the bars C, 0, with a joint which admits of their beinp: folded backwards over the instrument when 
not in uae, and tor paddng in its case. The centre of the instrument is represented by the inter- 
■eetion of two lines drawn at right angles to each other on a piece of plaU^ glass, which enables the 
penon using it to place it so tliat the centre, or intersection of the croes lines, may coincide with 
any giTen point on the plan. If the instrument is in correct order, a line connecting the fine prick- 
ing points with each other would pass through the centre of the instrument, as denoted by the 
befoirs-mentioned intersection of the cross lines upon the glass, which, it may be observed, are drawn 
so nearly level with the under surface of the instrument as to do away witii any serious amount of 
psmllaT, when setting the instrument over a point from which any angular lines are intended to be 
drawn. In using this instrument, the vernier should first be set to zero, which is at the division 
marked 360. on the divided limb, and then placecl on the paper, so that the two fine steel points 
may be on the given line, from whence other and angular lines are to be drawn, and the centre of 
the instrument coincide with the given angular point on such line. This done, press the protractor 
gently down, which will fix it in position by means of very fine points on the under side. It is now 
xeedT to lay off the given angle, or any number of angles that may be required, which is done by 
tummg the pinion D till the opposite vernier reads the required angle. Then press downwards 
the branches E, E, which will cause the points to make punctures in tlie paper at opposite sides of 
the eiTcle; which being afterwards connected, the line will pass through the g^ven angular point, 
if the instrument was first correctly set. In this manner, at one setting of the instrument, a great 
number of angles, or a complete circular protractor, may be laid off from the same point. 

Tlie most accurate method of laying down on paper any triangle, is to calculate the length of the 
sidest and lay them down by beam compasses, if tnev are too long for ordinary compasses. With 
lespeot to the use of the minor instruments employed in plotting and office drawing generally, the 
best eoniae for the beginner to adopt is to pnrcnase a good case, and with a little practice hie will 
soon b^^ to find out their value and several usee. 
See ihsTANGn. 

8WIT0H. Fb., AiguilUy iwitoh; Gkb., WeicKschiene ; Itau, Sciatoio; Span., C7cim6K> de via. 
See PKBMAiriHT Wat. 

TAP. Fb., Taraud; Geb., Schrauherthohrtr ; Ital., Maschio; Span., Macho de tarraja. 
In an engmeering sense, a tap is a conical screw made of hardened steel, and grooved longitudi- 
dsIIt, for cutting threads in nuts, and the Uke. A tap-bolt is a bolt with a thread on one end and a 
baaa on the other end, to be screwed into some fixed part, instead of passing through the part and 
receiving a nut See Hand-Tools. 

TAPPET. Fr., Toe ; Geb., Mitnehmer ; Itau, Arresto ; Span., Palanca de escape, 
A tappet is a small lever or projection intended to tap or touch lightly something else with a 
view to change or regulate motion. For instance, a tapjtet-motiijn is a valve-motion worked by 
tafmete, from a reciprocating part of a steam-engine, without either eccentric or cam. 

TELEGRAPHY. Fb., T^graphie; Geb., Telcgrapkie; Ital., Telegrafia; Span., Telegrafia, 

In the present article we purpose to treat the subject of teleg^nhy solely from an engineering 

point ci view. The rapid and extraordinary development of the teleg^phic system has rendered 

this part of the subject, namelv, the construction and maintenance of the vast network of lines of 

communication, one of the highest importance, and the wide and varied experience which has been 

gained in all parts of the known world has furnished results from which reliable and definite 

mformation may be obtained for future guidance. To bring together these results and to impart 

this practical information is our present object. We shall therefore introduce only so much of 

tlie science of electricity as is necessary to the proper execution of the above-mentioned work. 

A minute scientific investigation of the numerous interesting fiacts relating to electric currents 

Would be out of place here, and must consequently be left to the more appropriate pages of special 

treatises. 

Batteries, — The nature, construction, and relative efficiency of the several batteries now in use 
liftTing been fully described in former articles, see Battery, Boring and Blasting, and Electro- 
metallurgy, there remains but little to be said on this subject. Tiie most constant and economical 
^battery is that modification of Daniell's in which sulphate of zinc is used in the zinc cell instead of 
amlpburic add. The greatest efiect will, doubtless, be obtained when the porous cell is very thin ; 
Irat it is desirable, in order to prevent the mixing of the two fluids as much as possible, to increase 
%iB thickneas, and even to grease its back and sides ; for when the cell is thin, the waste of sulphate 
%3i copper is as great when the battery is idle as when it is in use. This sulphate of copper should 
Aot be crushed, for when such is the case, the powder of the crushed crystals is apt to cement the 
^wholo into an almost insoluble mass at the bottom of the cell. When specially ordered, it may be 
obtained in crystals about the size of a hazel-nut. 

The zinc, which is cast, should not contain more than 2 or 3 per cent, of impurities. When the 
zinc solution becomes strong, it crystallizes on the sides of the cell ; the liquid then rises by capil- 
lary attraction between the crystfds and the cell, and is apt to creep over the top and down the 
outer side of the cell, thus forming in time a kind of siphon which will often half empty the cell. 
The readiness with which guttu-percha is affected in this way has led to its almost complete aban- 
donment. The evil may be lessened by dipping the cell, after having thoroughly dried and warmed 
it, about half an inch in a warm mixture of pnmffin nna paraffin oiL In some instances the copper 
plate has been placed at the bottom and the zinc at the top of the cell, the solutions being sepa- 
xmted only by their difference in specific gravity. This arrangement, though energetic for a time, 
and having very little resistance, is inconstant and wasteful, as the copper solution rises rapidly to 
the sine and is thrown down by it. In all cases the zinc should hang vertically, and should not 
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CToa or fooe the anp)Mr, for when placed borizotitallj h^drageu Manmnlates BDdar it ftnd iaobte* 

it from the liquid. 

Thirty cells of a bntterj of this kind are mffioieDt for a liDO of 200 milea If the inratetioo 
ia good. On long lines subject to lose in vet veaiher, or irhen the insuUtion ii bad, it is nJuMuaiy 
to use larger cells. A better effect will be obtained by incieaiing the siie of the celli than by 
adding extra cells in series. 

Aa supplemeutorj to the description previonaly given of the seroral kjndi of battetr, wa 
add the followiog, to illiutrate tboee VBiietiaa irhioli aie employed for lelegpaphio purpoaea. 

Dsniell'a element eoDHiBts of a pole of sheet copper io a Buturated solatioa of iDlphato <rf' copper, 
and a pole rjF amalgamateil xiuc iu dilute aulphnrio acid. These two Bolntiooi are aeparated ij a 
liaphragni. The outor caeiog of thta element is nsnally of slonowais, and is of the farm 
n Pigi "■ ■■ -' ' ■---■ - • -' ' ■-' '- — ■ "- 




Hinotti'a, Figs. TIBSa, 7166, element is a simple and inexpensive form of Daoiell'i element. T. 
oon^tsofa Drovm earthenware jar, at the bottom of which ia placed a diao of sheet oapper connectea 
to BQ insulated wire. The jar is half filled with sulphate 01 oopper crystals, over wnich a diao c 
felt ia placed, and above thia a thick layer of saw-dost to act as a diaphragm. The lina plate B 
circular and lies upon the saw-duat. When in nae, the cell ia filled up with amdolated water. Soma 
timea a thin layer of oil is placed above this to prevent evaporation. 

Mari^Davy s element conaists of a carbon pole in a paste of protosnlphate of mercniy ai= 
water contained in a poroaa pot. and a zinc polo in dilate anlphnrio acid. Kg. 7167 feprewmtM 
purtable form of this battery, well adapted for tmvelling and testing pnrpoees. The polea are na 
pended in a glass jar sealed at the top. This is a powerful and oonstant batletr. 





Leclanchifs element has a cvlinder of amalgamated zino suspended in a Bolntion of oidiiHU? mA 
ammoniac, the negative pole being a prism of carbon surrounded in a porous oell by a pnlverinl 
mixture, tightly packed, of peroxide of manganeao and carbon. The whole is oontamed in a^ 
jar, as in Fig. 716B. This element is powenul, clean in its action, and doea not d< ' ' 
not in use. It is much employed on Uie Frenob railways, bat it has not met with s 
England. 
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Fi^. 7169 Is a oommon modifioatum of Darnell's battery. It consista of a teak trough divided 
Into cells by plates of slate, the whole being oovered with marine glue. The cells are subdivided 
by porons divisions, and the zino and copper plates are suspended altemately in the divisions thus 
fenued. Usually this form of battery consists of twelve cells. 

Another modification of Daniell's, and known as the Globe Reservoir Battery, is represented by 
Fig. 7170. This form is more constant and regular in its action than the preceding ; it will last for 
a period of from twelve to fifteen months without attention. 

Wire, — ^The most durable portion of a line of telegraph is the wire. In no instance has it been 
necessary to re-wire even the oldest line when not exposed to any specially destructive agency. The 
kind miiveraaUy adopted for land lines is galvanised iron wirOi and experience has shown that it is 
admirably suited to the puipoee. But durable as this wire is whoi erected in the open country, in 
towns, and especially manufacturing towns, it is quickly destroyed. The same destruction also takes 
place in tunnels and in the neighbourhood of chemicid works. Attempts have been more or less 
succeusfully made to protect the wire from these influences by means of paint, and, in some 
instanoes, gas-tar. If the operation is performed at the manufactory, the paint, or other coating, 
will be rubbed oif in transit from place to place and in course of erection, and as corrosion will 
immediately be set up at such spots, the benefit of the coating in other parts is nullified. On the 
other hand, the difficulty and expense of painting after the wires are fixed to the poles are ^reat. 
The process can, however, be easily performed on the ground before raising them to their positions 
on the poles, ^t in this case, unless great care be exercised to prevent the removal of tne paint 
from ibie points of support, as well as to ensure the wires being perfectly dry, the results will not be 
satisfactory. The only plan that may be regarded as really successful, is to run the wire through 
paint or some bituminous preparation, and to immediately spin round it hemp or cotton well 
saturated with the same compound. Tlus protects the coating ttom abrasion, and also forms of itself 
an efficient protective covering. 

On the continent of Europe it was a common practice to use ung^vanized wire of a larger gauge, 
tiie extra quantity of metal Iwing supposed capable of giving the wire as long a life as we smaller 
galvanized wire. This practice has never been adopted in England, and it is being discontinued 
elsewhere. The process of galvanizing slightly hardens the metal, and considerably lessens its capa- 
bility of stretching ; but its ultimate tensile strength does not seem to be affected by the operation. 
To test the thickness of the zino coating, dissolve 1 lb. of sulphate of copper In 5 lbs. of water, and, 
plunging the wire into the solution, let it remain immersed one minute ; then wipe it clean, and 
repeat the process four times. If, alter the fourth immersion, the wire still appears bhick, the zino 
has not be^ all removed, and it may be thence inferred that the galmnizing was well performed. 
But if the wire has a copper hue, the iron has been exposed, thus showiag that the coating was too 
thin. 

The quality of the wire used for telegraphic purposes is a matter of the highest importance, and 
one that usually receives very careful attention. For it must be borne in mind when specifying 
wire, that frequent derangement of the line in consequence of breakages will speedily absorb a 
small saving effected in the first cost, besides which, the annoyance caused by such derangements is 
veiy great. It may be observed, however, that great tensile strength is not of primary importance 
for ordinary work. What is required is rather a wire that will bear the bending necessary to make 
joints, and to fix it to the iusnlators, than one that will bear a great tensile strain. Telegraph wire 
may be tested for this quality by placing it in a vice and ascertaining the number of times it may 
be bent to a right angle without breaking. Care must be taken that the edges of the vice do not 
cut Uie wire, or the results of the experiment will be vitiated. Boft wire, though of inferior tensile 
strength, will bear this test better than haid wire. 

Wire is prepared by being drawn down to the required size from rods of rolled iron. These rods 
should be parfectly free from cinders or dirt, as the presence of such impurities would occasion 
imperfections in the wire. All imperfections of this nature, as well as splits in drawing and 
imperfect welds, should be carefully sought for and broken out before the wire is erected. For 
this purpose, it was usual formerly to lay the wire out in the line and to stretch it, and as this 
stretdiing removed all tendency to spring and curl from being coiled in bundles, the process was 
termed killing. Wire when killed is very easy to handle. This killing is now done at the manu- 
factory by stretching it over a drum after it has been passed )between rollers to break out the splits. 
The expense of these operations will be amply repaid oy a decrease of labour in erection and fewer 
interruptions of communication occasioned by breakage. It should also be observed that killed 
wire is scaioely acted upon by the wind at all, for it may be seen hanging comparatively still on the 
poles, whUe ouiers which stiU retain their irregularities are swinging violently to and fro. These 
irregularities are also liable to occasion permanent contact, should the wires be blown together. 
Such an accident cannot occur with killed wire. 

The operation of jointing telegraph wire is an important one, and demands {n[eat care. The 
most approved form of joint is tfukt known as the Britannia, Fig. 7171. This joint is made by 
bendiuK up the ends of the wires to be 
joined, oinding them firmly together with ^ ^^^^' 

Wding wire, and afterwards soldering ^llliHlllllll 

the whole. The binding wire used for f mi/IIHIilllllffilH l 

thispurpose is, for No. 8 gauge, No. 16 <. a . « 

B. W. G., and for larger sizes, No. 14 B. W. G., of the best charcoal iron galvanized. A twisted 

ixreak. 

whent w - 

regards conducting power unless it is soldered. Even the method which is sometimes adopted, of 
(^^Mfcff^wg the ends and castine an ingot of metal over them, is not sufSdent. Electrolysis, snd con- 
aeqaeDUy oonosion, inYariably occurs in every connection if moisture is present. Chloride of zino 
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is used for soldering ; but when applied to any but perfectly olean and bright wire, it ahonld contain 
a sofficient quantity of free acid to disBolve the oxide and remove the dirt It is important that the 
operation of soldering should be performed quickly, and at as low a temperatnre as possible, espe- 
cially with hard wire ; because tne heat softens the metal and diminishes its tensile strength. As 
regards strength, joints are greatly superior to welds, but a practical difficulty prevents th^r general 
adoption. When the wires are blown together, joints are very liable to oatoh and cause permanent 
contact, occasioning, of course, a stoppage of communication. For this reason, they should not be 
used at a greater distance than 10 ft. from the poles. To get rid, as far as possible, of both joints 
and welds, it is desirable to draw the wire in long lengths. As much as 80 Ibe. of No. 8 wire, equal 
to one-fifth of a mile in length, may be drawn in one piece. 

To test the tensile strength of telegraph wire, it is usual to place a length of 10 in. in a 
hydraulic machine ; this length is chosen to render the calculation of the peroentage of strain and 
elongation easy and convenient. Tested in this way, a good piece of No. 8 wire will break with a 
strain of about 1300 lbs. If tested with a scale and weights, and sufficient time is allowed for the 
wire to stretch after each addition of weight, it will break with a less strain, or about 1100 Iba 
That such should be the case is self-evident when we consider that elongation diminishes the 
sectional area of the wire. The scale and weights afibrd the b^t test, since it approximates more 
nearly to the actual conditions that obtain in practice. Good wire begins to stretcm with about hal ~ 
the breaking strain. It has been ascertained that when a sample will break in the testing macihin 
with a strain of 1300 lbs., a length of 88 yds., which is the distance from pole to pole when there ar 
20 to the mile, will break in practice with a strain of about 1000 lbs. The following Tables o^ 
examples of stretching and breaking strains are given by Culley. The first Table shows th< 
results of 27 different samples tested in 10-in. leng^ths by the hydraulic apparatus. 
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Ko, 8 Gauge, 

Diameter before testing 

„ after having been broken . . 
Peroentage of stretch oefore breaking 
Strain required to stretch the wire .. 
Breaking strain 

No, 11 Gauge. 

Diameter before testing 

„ after having been broken .. 
Percentage of stretch before breaking 
Strain required to stretch the wire . . 
Breaking strain 



Meuis. 



0-151 in. 

0-140 „ 

20 

672 lbs. 
1318 „ 



0-115 in. 

0-106 „ 

20 

505 lbs. 

776 „ 



0147to0-153in. 
0-136 „ 0-144 „ 
19 ^ 25 
600 „ 750 lbs. 
1250 ^ 1440 „ 








112 

-100 

19 

400 

740 



0-120 in. 
0117 „ 
25 

600 Iba. 
850 ,. 



The following are means of ten tests of wire of the same quality and from the same 
tested in lengths of 33^ in. by scale and xeeight^ adding 5G lbs. at a time, gently and without 
and waiting until the wire had ceased to stretch before adding more weight ; — 

Percentage of stretch before breaking 11-2 

Strain required to stretch the wire 904 lbs. 

Breaking strain 1132 „ 

The following trials show the effects of annealing and of galvanizing ; — 




No. 8 Iron. 



No. 1 Sample. 
Before galvanizing 
After M 



No. 2 Sample. 

Before galvanizing 
After 



» 









Meu) Breakiog 
Strain. 



lbs. 

1138 
1169 



1090 
1194 



Mean Peroentage of 
Stretch before breaking. 



18-75 
12-88 



19-89 
13 09 



HOMOOENEOUS IbON, NoS. 11 AND 12. 



Before annealing . 
After „ 

Before galvanizing 
After 



»t 



Breaking Strain. 



Mean. 



Kxtremea. 



910 lbs. 
612 
612 
634 



>» 



830 to 1060 lbs. 
560 „ 700 
560 „ 700 



17 



560 „ 700 



91 






Percentage of Stietdi. 



Mean. 



-92 
20-05 
20 05 
11-64 




1700 
17-00 „ 
9-00 « 
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The prooMB of galvanizing has been improved since these experiments were made, so that the 
ekmj^tion is not now so mnoh affected. 

The following Table, also doe to Cnlley, shows some useful and important facts relating to iron 
telegraph wire. 



aw. 


Diameter. 


ArMof 

Section, 

■qnare incbea. 


Weif^t of 

100 Tarda 

tnlba. 


Weight 
of 1760 
Yaitia 
inlba. 


Weight 
of 2029 
Yarda 
inlba. 


Lengtibiof 

iCwt. 

in yarda. 


Breaking Strain inlba. 


RW. 
Gauge. 


Indwn 


MiUl- 
mlitrea. 


Soft 
Wire. 


Hard 
Wire. 


00 


0-363 


9-21 


0*103 


102-00 


1794 


2068 


110 


8600 


6000 


00 





0-331 


8*40 


0-086 


84*72 


1490 


1718 


13*2 


7100 


4750 





1 


0-300 


7*61 


0071 


68-75 


1210 


1395 


162 


6000 


4000 


1 


2 


0-280 


711 


0-062 


59-90 


1054 


1215 


187 


4850 


3400 


2 


3 


0-260 


6-60 


0*053 


51-65 


909 


1048 


215 


4000 


2900 


3 


4 


0-240 


6*10 


0*045 


44-00 


775 


895 


255 


3400 


2500 


4 


5 


0-220 


5*59 


0038 


3700 


651 


750 


303 


2950 


2200 


5 


6 


0-200 


508 


031 


30-56 


533 


620 


361 


2500 


1800 


6 


7 


0185 


469 


0265 


26-15 


461 


531 


428 


2200 


1520 


7 


8 


0170 


4-31 


0023 


22- 10 


389 


448 


509 


1750 


1200 


8 


9 


0-155 


3*93 


0-0195 


18-36 


323 


373 


609 


1500 


950 


9 


10 


0140 


3*55 


016 


14-97 


264 


305 


747 


1200 


820 


10 


11 


0-125 


3* 17 


0-0125 


11*95 


211 


244 


939 


820 


650 


11 


12 


0110 


2*79 


0-010 


9-24 


163 


188 


1244 


710 


510 


12 


13 


0095 


2*41 


00071 


705 


124 


143 


1589 


640 


400 


13 


14 


0-085 


2*15 


0-0057 


5-51 


97 


112 


2031 


510 


350 


14 


15 


0-075 


1*92 


0-0044 


4-29 


76 


87 


2608 


410 


300 


15 


16 


0*065 


1*65 


00033 


3-22 


57 


66 


3473 


350 


200 


16 


17 


0-057 


1*44 


0*0026 


2-48 


44 


50 


4515 


280 


150 


17 


18 


0-050 


1-27 


0*0020 


1-91 


34 


39 


5600 


200 


115 


18 


19 


0045 


1*14 


0-0016 


1-55 


27 


31 


7246 


150 


85 


19 


20 


0-040 


101 


0*0013 


1-22 


21 


24 


9168 


100 


65 


20 


21 


0035 


0*88 


0*0010 


0-94 


17 


20 


11980 


85 


50 


21 


22 


0-030 


0*76 


00007 


0-69 


12 


14 


16300 


65 


40 


22 



The Specification of the Electric Telegraph Company for iron wire was as follows ; — 

'^The wire to be highly annealed, and very soft and pliable; it is not required to possess 
great tensile strength, but must be capable of elongating 18 per cent without breaking after 
galvanizing. 

^ To be supplied in not less than 80-lb. pieces, and to be warranted not to contain anv weld, 
join, or splice whatsoever, and to be free from all imperfections, tiaws, sand splits, and other 
defects. 

'* The whole of the wire to be passed under and over three or more studs or pulleys placed in 
two lines, the wire passing over the pulleys in the upper line and under the others. 

*' The whole of the wire to be stretched 2 per cent, by machinery in the presence of the 
company's engineer or his representative, and to be tested, examined, and approved by him before 
leaving the works. The wire after being stretched to be coiled careftilly, so as to contain no bends, 
but to resemble newly-drawn wire in its straightness. 

** If during the process of testing the wire between the studs or pulleys, or during the process of 
stretching it, more than 5 per cent, of the bundles break, crack, or show anv defect, the whole of the 
broken buncUes to be rejected. If less than 5 per cent, prove defective, tne wire will be accepted. 
The makers are not to attempt to weld, join, or otherwise splice any wire that may break or prove 
de£Bctive, but deliver it as it comes from the testing." 

In ordering wire, a surplus of about 10 per cent, should be added as an allowance for slack and 
waste. 

The size of the wire used for telegraph purposes is a matter of importance, and will to some 
extent be determined by the conditions under which the line is required to work. The accompanying 
diagram, Fig. 7172, shows the natural sizes of the wire used for telegraphic purposes. The larger the 

7172. 
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wire the greater its conducting power, and the less its electrical resistance as compared with that 
of the inralators. In other wor^ the larger the wire, the greater the strength of the signal, which 
can be transmitted through it to anv given distance. Thus the effects of bad insulation can be 
compensated, at least to a considerable degree, by increasing the size of the wire. The size usually 
adopted is that known as No. 8, Birmingham wire gauge, and it has been proved in practice to be 
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cunply snffioient in oonducting power, when insulation ia good, for oircaits not exceeding 400 miles. 
For railway purposes and short circuits generally, if economy in first cost is an object of importance, 
smaller sizes may be used. No. 10 wiU in most cases be sufficiently large, and for cinsoits of 100 miles 
No. 11 may be employed. If the circuit does not exceed 50 miles the latter size will be ample. For 
military telegraphs, wheure the circuits are short, and the wire has to be run up quickly, Na 12 is a 
suitable size. 

But in order to carry out economy in this direction, insulation must be good ; for it most be 
borne in mind that the conductibility of a wire is, other thin^ being equal, in proportion to its 
size. Many instances might be cited in which, for moderate circuits, a No. 8 wire liaviiig worked 
badly in consequence of imperfect insulation, the difficulty has been removed by the substitution 
of a larger wire. Culley relates how the Admiralty circuit of Na 8 wire between London and 
Devonport worked badly some years since when insulation was comparatively imperfect. Com- 
plaints having become frequent, a No. 4 wire was substituted between JBristol and PlymontlL This 
wire was not better insulated than the smaller one, perhaps even not so well ; but as soon as it wss 
placed in circuits the complaints ceased, and have not since been renewed. Again, a fiault occurred 
in the underground wire between Leith and Edinburgh, connected with the London and Leith 
circuit, which was of No. 8 wire. In this case, as in the former, the substitution of a No. 4 wire 
removed aU difficulty in working, and the repair of the faulty portion could be proceeded with at 
leisure. 

The length of span, or the distance from one support to the next, is determined by numerous 
conflicting conditions. Obviously the fewer the supports, the better will be the insulation, and as 
a reduction in the number of the supports diminishes at the same time the cost of construction, 
there are weighty reasons for making the span as long as possible. In the early days of telegraphy, 
the poles were set 30 to the mile ; this number has been reduced to 24, 20, and, in a few instances, 
17. An increase of span, however, introduces other conditions which speedily render further pro- 
gress in that direction unprofitable. It does not appear that the wires have a greater tendency to 
blow into contact with each other in long than in short spans, provided they be all of the same 
gauge and are equal in tension, as under such conditions they keep time together in their oscilla- 
tions. This objection therefore, though it has frequently been urged, is not a g^ve one. But a 
more important objection, and one that renders a less number than 20 poles to the mile in most 
cases a practical impossibility, is the risk of accident consequent on the additional height of tbi 
poles, rendered necessary bv the greater dip, and the increased strain on the wires. The numbe 
usually adopted as best fulfilling the conditions imposed is 22, which gives a distance of 80 ydt 
from pole to pole, a convenient number for calculation. The ordinary dip on the wires in a span c^-^ui 

this length is about 18 in. in mild weather; this gives with No. 8 wire a strain of about 420 lbs., .«., 

its breaking weight being, as we have seen, 1100 lbs. The strain varies directly as the weight o^^^czjf 
the wire, and inversely as the dip or versine. When the latter is constant, it increases as th^ .^e 
square of the span, and when the strain remains constant, the dip or vendue increases in lik^: 
manner ; or, L' : 2* : : V : v. Thus if the dip'be 18 in. when there are 22 poles to the mUe 
the strain 420 lbs., with 11 poles to the mile we shall have a dip of 6 ft., or, if the dip remain 
18 in., a strain of 1680 lbs. From this it will be at once seen that a span of such a length is pn 
tically impossible. To find the strain in lbs. and the dip in inches approximately, the followin 

I* X V) P X u> 
formuliB are given by Latimer Clark ; a = QT-jr , and v = , in which * is tlt^ar^e 

strain, v the dip, I the length of span in feet, and to the weight in cwts. of one statute mile. 

Another objection to the adoption of long spans is the friction of the wire upon its suppom^c-^arts 
occasioned by the action of the wind. In some instances where the wire has been supported upi* ^ ,vin 
very hard and smooth brown ware, and the spans have been short, no appreciable wear has be«^s^rai 
caused by this means in twenty-four ^ears. But when the spans are long, and especially when *^ -^ (he 
wires are supported upon soft porcelain, the wear is very rapid. And it must be borne in mind tl« ^ \^\ 
as soon as the zinc is rubbed ofi*, galvanic action may be set up so as to corrode the iron. No. . II 

wire so frequently breaks from this cause on long spans that it has been found necessary to pnit^ Buf 
it at the supports by wrapping it with binding wire. Even No. 4 has been chafed on spans of o^^^^«rer 
100yds. 

In wiring a line, allowance must be made for variations in temperature. With 20 poles to ^V^ (he 
mile, a dip of 14 in. in a No. 8 wire is equivalent to a strain of 540 lbs., and the difierence in ^^ dip 
between 54^ and 25^ Fahr. has been ascertained to be 3 in., so that if a wire be pulled up to 14 in. 

in mild weather, it will assume at 25^ a dip of 11 in. only, which is equivalent to a strain-^^ of 
700 lbs., more than half its breaking strain. Culley mentions an experiment in which a 20a^^3-fL 
length of No. 8 wire was suspended oetween two rigid supports so that the dip could be read off 

upon a scale. The results were a dip of 17 in. at 33^, 185 in. at 43°, 19*5 in. at 53°, and 20*25 in. 

at 63°. 

The wire should be always tiglitly bound to the insulator, so as to reduce the friction L so a 
minimum. Formerly it was usual to allow the wires to pass freely through the insulators, anc==I to 
strain them by a drum or ratchet at every half mile. This method allowed a broken wire to 
down half a mile in every case. The present practice is to bind the wire to every pole, so Uii 
can never, if properly bound, run down more than 100 or 200 yds. The wire used for bindini 
No. 16, and care should be taken in applying it to make all the turns in the same direction, 
otherwise it will not be firm ; for the main wire is twisted somewhat in the process, and wher 
resumes its normal position, one side of the binding will be slackened, if the turns are mad< 
opposite directions. When the position of the poles is changed, or when a line is reset, the i - 
should be carefully examined, and worn places either cut out, or, if the wear be (^ht, bound (pner 
with binding wire. 

The distcmee through which a broken wire wiU run down is shown by the following experiment 
related by Culley, to depend very much on the way in which it is bound ; — 
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1» *' On a line of 24 poles to the mile a No. 4 wire was boimd with a single No. 16 wire at each 
insulator, and securely soldered so that it conld not slip. When filed threngh in the middle of its 
lengthy it tore itself from the fasteninfips throaehont the whole distuice. 

2. ** Next it was bound ss before, out soldered at eyery fourth pole. It then broke away firom 
20 poles only. Here the unsoldered biudings allowed it to slip a little, and so eased the stram. 

3. ^ Thirdly, it was bound doubly strong, but not soldered. The first binding stretched a little, 
and ail the arms were strained, but it did not tear itself away from a single pole. The wire, there- 
fore, should be so bound as to slip a very little at each support, and so prevent a sudden jerk." 

The wires should be placed as far apart as possible upon the poles, to prevent their being blown 
into contact with each other. As they are still more liable to contact in the vertical plane, arms of 
different lengths should be used so that the wires may not hang vertically one over the other, or 
when space is limited, the insulators may be alternate instead of opposite. By these means, the 
danger of a broken wire falling across the others is obviated. 

P0U9. — The material employed for telegraph poles is generally wood. Iron is, in many respects, 
a m<xre suitable material, it is stronger for a given size, lighter in appearance, and far more 
durable; but the difference of cost is at present too great to allow it to compete successfully 
with wood. Except in certain cases, therefore, which we shall describe later, the latter material 
continues to be employed. 

The dimensions of a wooden telegraph-pole are usually 18 ft. in length by a diameter of 5 in. 
at the upper end. For level crossings, bridges and terminal poles, greater lengths up to 25 ft. are 
required. In all cases they should contain toe natural butt of the tree, the tops of trees being quite 
unsuitable for this purpose. The latter are sometimes employed where economy in first cost is 
considered to be of primary importance ; but their rapid decay renders the subsequent cost of main- 
tenance proportionately great, and when the difficulties attending a frequent resetting are taken 
into account, they must be considered as leading to a false economy. The kind of woc^ employed 
is generally laroh ; other kinds are, however, suitable. Memel pine is very durable, but is too 
expensive for common use. Pitch pine is still more lasting : the original poles on the London and 
Sonth-Weetem Bail way were of this pine, and many of them are still sound, 1874, though they 
were erected nearly thirty years ago. Spruce and Scotch fir decay very quickly, being scarcely equal 
in durability to the tops of larch trees. 

Larch should be cut in the winter when the sap is down and seasoned with the bark on. The 
bark must, however, be removed as soon as the seasoning is complete, or the wood will be attacked 
by insects. During the process of seasoning, the poles should be so stacked that they may be 
exposed to the wind on all eides. Laroh grown upon hilly ground is more durable than that raised 
in other situations, by reason of its containing more heartwood. But such poles are seldom 
straight. Unseasoned larch lasts, on an average, about seven years ; when properly prepared and 
seasoned, it will last twice as long. If grown upon hilly ground, and having consequently the 
heartwood well developed, unseasoned larch will last from twelve to fifteen years. The durabi- 
lity of unseasoned poles may be considerably increased bv charring them over a slow fire. But in 
such a case they should not be tarred or painted until they have stood long enough to become 
seasoned, or the wood wiU decay under the tar while remaining sound above. When the seasoning 
has advanced sufficiently, the ground around the pole should be opened for a depth of about a foot, 
and after the pole has become quite dry, the tar applied. The results will be more satisfactory if 
the tar be applied hot. With seasoned poles, the application of the tar should follow immediately 
the process of charring, before the wood has had time to cool. 

Chemical means of preserving wood have been successfullv applied to telegraph poles, and the 
constantly increasing cost of timber will probably lead to their general adoption. Only two pro- 
cesses have hitherto been found to give satisfactory results, namely, creoeoting and boucherizing. 
The former does not fail in any soil, and it possesses the advantage of not corroding iron. The 
injection, however, can only be carried on at a large depot, by reason of the appliances requisite. 
Boucherizing is free from this obiection, as the necessary apparatus is both inexpensive and 
portable ; and as the process may be readily overlooked and performed, it may be carried out in 
the forest The method of creosoting is so well known that we need not describe it here ; a few 
remarks on it will be found under Kyanizing. 

Wooden poles should be set from one-fourth to one-fifth of their length in the ground, according 
to the nature of the soil and the strain they will have to bear. With a less depth of setting, they 
will not have a sufficient hold on the ground in wet weather. Even with a depth of one-fourth, 
poles are frequently blown out after a long rainy season, if the soil be weak. The severest strain is 
tiirown upon the poles when a snow storm, in which the snow freezes upon the wires, is succeeded 
by a high wind. Against such a case no practical strength of construction seems secure. 

On curves, and especially where the direction of the line is changed at an angle, stay-wires are 
required. These generally consist of two or three lengths of the line wire twisted together and 
fixed to a plate buried m>m 18 in. to 80 in. beneath the surface of the ground, or to some other 
more convenient object. About 5 per cent, of the wire used is required for stays. 

Wooden poles decay most rapidly at the ground line, and the^ are frequently repaired by 
scarfine at their point. But to ensure satisfactory results, the repair must be effected before the 
decay has progressed iar, and well seasoned or creosoted wood should be used for the scarfs. 
The experience of many telegraph engineers, however, seems to show that repairing poles does 
not pay. 

Iron poles, on account of their more elegant appearance, are being substituted for wooden ones 
in towns. They are also very suitable for use in foreign and esp^ially mountainous countries, 
because, being capable of separation into parts, their transport is more easilv and cheaply effected. 
Another, and frequently a great advantage, is that they are proof against the ravages of the white 
ant Figs. 7173, 7174, represent a wrought-iron tubular pole as manufactured by Warden and Go. 
It consists of two parts, a cast-iron base and a wrought-iron stem. The base is made in two halves, 
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and ifl 4 ft. in length, 3 ft. of this length being fixed below ground; the two halves embrace the 
stem, and are secured by bolts. The stem is a taper wrought-iioa tube, from 15 to 22 ft. in length, 
msBng the length of the complete pole from 18 to 25 ft. The weight of the cast-iron base |10 ibt, 
and iimi of the 15-ft. stem 70 lbs., making the total weight of the 18-ft pole 180 Iba. These poles 
are also manufactured in a form suitable for use on rock, where it is not possible to sink a nole of 
sufficient size to receive the ordinary base. The oast-iron base is, in this ease, dispensed with, and 
the base of the tube is secured to the rook by means of a jagged bolt leaded into the rook. Inn 
stays of strong gas-pipe are used to support the pole. The stays have screwed ends attached to 
oollars surroundSng the pole at about 4 ft. from the ground, the lower ends being provided with 
ja^ed bolts also leaded into the rook. These poles are extensively used on the Demi, HauritiiM^ 
and some other railways, where they are said to have been found very efficient. 
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Figs. 7175, 7176, a cast-iron telescopic polo by the same makers. This pole is lueide in 
pieces wholly of cist iron. The base is conical, tho smaller end being fixed downwards, and 
stem consists of two tubes tapering in the contrary direction to the base. The upper leu 
sockets over the lower section, which in its turn sockets over the base ; an iron rod or wire seer 
at both ends is passed throu«;h the interior of the pole to keep the parts firmly together whe 
use. A cast-iron socket-piece is fixed to the top of the pole, into which socket-piece a suii 
support for the cross-arms and insulators is fitted. 

These poles pack very conveniently for transit, the parts being so arranged that they slide 
into the other for this purpose. The weight of an 18-ft. pole complete is about 2 cwt. 

Figs. 7177, 7178, are of Morton's oval telegraph pole, consisting of a galvanized wrought-*, 
taper^ tube, in two pieces, riveted together. The lower end of the tube is fitted with a cast-f^ 
foot or base, and u wooden top, finished by a email galvanized east-iron cap, which may or may 
support an insulator, is socketed into the upper end of tlie tube. The section of the tube is 9" 
and the rib or flange containing the rivets, on each side of the pole, is further stifiened by a pl-^ 
of iron inserted between the flanges ; this adds greatly to the s^ngth of the pole in the direc^^^ 
in which strength is chiefly required. ^^ 

The galvanized-iron tube is 12 ft. in length. The wooden top varies according to the dcslf*^ 
length of the pole ; for an 18-ft. pole its length is 6 ft., and its diameter at top 8^ in. The wdgbt 
of the tube and cast-iron foot is 98 lbs., and that of the wooden top, 20 lbs.. msuLing the total ^eigbt 
of an 18-ft. pole complete, 118 lbs. 

Insulators. — There are many substane^is which insulate well, but which, from their not possev* 
ing certain other qualities, are quite unsuitable for purposes of insulation. In choosing a material 
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depoaition nail the reteutioii of moiature. Thiu a porous fliibttuico ia quite uoauituble. The only 
material that iasulatee perfectly and po8»e«8eB natuiaU; a hard smooth EnrTace is glass ; but expe- 
rience bai shown it to poesesa also certain defects which have rendered its abaodonment necessary. 
Moisture is reij rapidly deposited on it, and in auch a way as to form a continnoua film, and its 
fragility issuohthat it oonnot be relied upon. It ia, howovor.atill eitenaiToly used in Switzerland, 
and a novel form of inaulator of blown-glass has been introduced in America. The form is that 
of a narrow- necked bottle, and several trials made to teet its efficienoy are said to have given 
■tisfadory reaolta. Ebonite is for a time tlie beet available material for insulators ; it insulntea 
well, it very eSectirely resists the deposition of moistore, and it is very strong ; but a fuw months' 
exposure to atmospheric infln^nces makee its BurGiee rough and spongy, and consequently favour- 
able to the retention of moisture and dust. When in this state, it is iuferior to earthenware; 
bat we have only to re-polish it to render its behaviour aa good as when first erected. 6uoh a 
defect, however, renders it nusaitable for general adoption. Next to glass, ^rcelaio possesses the 
beet sntrsce for resisting accumulations of dust nod dirt, and fbr this reesoQ it is selected wherevor 
the Ibe is expneed to smoke, dust, or salt spray. It dries not appear to insulate better than good 
stoneware, whilst its oost is much greater. Broim stoneware is the cheapest, and for ordinary 
un tlie b^t, material for insulators. It is usually made from day dug on the spot, and aa it does 
not require an admixture of other materials, it is likely to be uniformly good. 

The forms of insnlators are verr vurious. The most approved, and those which are now moat 
eommonly used, are known as Clark's and Varlev's. Fira. 7179, 7180, represent Clark's insulators 
in elevation and section. It consists of a double bell in white porcelain, and is provided with a taper 
galranited wrougbt-in>n stem. This form of insulator is extensively used, and when of brown 
stoneware is found to be both efficient and economical. Figs. 7IS1, 71S2, are of Varley's double 
insulator. It is of brown stoneware, and is fitted with galvaniied wrought-iron shoulder-bolt and 
not. These insulators consist of an outer and an inner bell, manufactured anil tasted separately 
before union. They are made in three sizes to suit No. 4 No. 8, and No. li wire. For afflcleuoj 
and economy of moiDteDaooe this form of insulator is piobebly unequalled. Figs. 7ISS, 7184, an iron- 
protected inanlatOT, consisting of a doable bell of either white ptncelainor stoneware, protected by 




a gthanized cast-iron cap, and provided with a gaivanized steel, or wrought-iron stem. Fig. 7IB5 
» another iron-protected Insulator also consisting of a double bell of either porcelain or stoneware, 
sod protected by a galvanized cast-imn cap perforated to admitof the lower portion of the insulator 
being washed by the rain. Fig. 7186 is a common form of terminal insulator, known as the 
umbrella fonu. It usually consists of a stout insulator of oither porcelain or stoneware, and is pro- 
yided with a strong galvanized bolt, witli nut and washers, so as to be suitable for both wooden and 
ironanna. Bright's donble-bell shackle insulator fur terminating wires is represented in Fig. 7187. 
Thera are of porcelain, and tlie straps and bolts are either painted or galvanized. This form of 
insulator may be fitted io pairs, as shown in Fig. 718H, for terminating and loading in wires to 
stations, or for use on sharp curves and at angles. 

The advantages of iron caps have been greatly overrated. Indeed, it seems probable that, except 
in certain exposed situations, tlieir use is attended with positive disadvantage ; for, though they 
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keep the outer surface dry, they do not prevent the aooonmlation of dust, and they a£Ebtd a baihonr 
for insects, especially spiders, whose webs conduct when damp. Moreove^ they do not altogether 
prevent the deposition of moisture, so that this advantage which is claimed for them is not wholly 
real, while, by protecting the surface from the washing action of the rain, they tend to aggravate 
the evil caused by dust. The only means of protecting insulators against the latter is to make 
their surfaces hard and smooth, and then to leave them completely exposed to the weather. This 
is especially the case with coast lines, where the deposition of salt is more troublesome than dost 
For this reason an insulator should not be placed under an arm, but above it, as in the former case 
the surface of the insulator is partially protected, and is consequently always dirty. In some 
parts insects are very troublesome, and when the line passes near or under trees, it is well to make 

the openings of the insulators wide so as to be less attractive to insects and more easily cl e an e d. 

ParafiSn oil is perfectly effectual in repelling insects for a time, and it possesses the additioDal^.^ 
advantage of improving the insulation ; the latter effect will last six months. Creosote in the polei^^i^ 
will also repel insects so long as its smell remains. 

To test insulators in the trough, place the insulating cup in a vessel of water made sUgfatlj ^^ _j 
acid ; some acidulated water being poured into the cup, smear a little turps on the rim, and let i^.^^d 
remain twenty-four hours. At the expiration of this time immerse the poles of a battery in thi|^ ^^p 
water, one inside and the other outside the cup, a very sensible galvanometer having been indude^i^^ 
in the circuit. If the needle exhibits any deflection, the circuit is complete, and consequently th^ 
insulator is imperfect. The imperfection usually arises from porosity and cracks in the materuL 

Culley gives the following method of ascertaining approximately the comparative value 
different shapes ; — 

** The best method of testing is to fix as large a number as convenient, certainly not lees tl 
ten of each kind, upon a pole, connecting them by a wire to the present line wire, and fixing - g 
second independent wire to their bolts, to represent the earth, and to determine the leakage ~ 
one wire to the other. 

** To obtain good results, the following precautions are necessary : — ^Fix a pole not lees 
20 ft. high in an open place not sheltered in any way on any side, place the arms on which 
insulators are to be fixed at least 2 ft. apart, the insulators themselves a foot apart. Bo not 
all of the same kind together, but rather alternate or mix them as much as possible bo as to 
an average of exposure for all. 

'* Take special care that the wire representing the line touches each one closely all round s 
uniformly as to the number of turns ; let it be all the same gauge. The object is to ensure 
surfaces of metal in contact with the porcelain, because the leakage takes place from each points, of 
the wire over the surface of the insulator, and consequently if the wire does not touch uniforo^ Ijr, 
the leakage will vary with the variation of the surfaces in contact. If possible, divide each aefe. oi 
ten in half, making duplicate sets of five each. If these do not test alike, there is probably a def^oe. 
tive insulator among them, which will vitiate the test, and which must be removed. Never ^^as 
separate g^tta-percha or other insulated leads from each set to the testing room, for these 'W^U 
become more or less damp on their surface, and will vary in insulation, one from the other, nm^-mm 
perhaps than the insulators themselves. Use only one wire, employing a man to shift it froin ^um 
set to the other. 

" It is seldom that rain falls steadily and uniformly, so that if the testing lasts even five min«:xte> 
there will often be a considerable difference in the amount of moisture during the interval. A^^^ter 
testing all the sets, commence again in the reverse order ; if the two series agree, the obaerva^ormi ii 
a good one. As the object of such tests is not so much to find the absoluU resistance of tiie sew^^nl 
specimens as to ascertain their relative value, it is better not to occupy time in testing units, Imt 
rather to read a simple deflection so that the tests may be made as rapidly as possible, ensuring' ^ 
greatest possible uniformity of circumstance ; but, with the greatest precaution, the testa wiS fre- 
quently be extremely anomalous. 

** Speaking generally, the best insulator is not that which tests best when quite new, but "^b^^ 
which bears exposure tne best ; and therefore no tests are of any value which have not exte^Ei^ded 
over several months. However carefully this experimental testing may be conducted, it is not ^elto- 
gether satisfactory ;. the only true method is to insulate two wires on the same poles for a iliul ^nce 
of ten miles or more, and to test them every damp day for six mouths. It is useless in any m ^ff ^ 
test in dry weather. 

** I will give the result of tests made in a situation quite free from insects, but somewhat sc^^^ 
— Gloucester Boad, Regent's Park, during twelve months, 1868-69 ; — 

Mean Comparative Loss. 

Brooks* double cup (^American glass) . . 5 parts leakage. 

Varley's ordinary size 20 „ „ 

Porcelain .. 26 „ „ 

Double cones, porcelain 51 „ „ 

Shackles „ 82 „ „ 

" The porcelain insulators were very much wider than the Varley's to render them less liiu-'^te to 
be block( a up by insects. The test, therefore, does not show the difference between stonewasr-tf Mod 
porcelain so much as that between a wide and a narrow opening. 

' The effect of iron caps may be judged from the following ; — 

Porcelain, without caps 38 parts leakage. 

„ with open caps (or cages) . . . . 44 „ „ 

„ with closed caps 55 „ „ 

Small earthenware insulator, without caps ..40 „ „ 

„ ,y „ with open caps 50 „ „ 
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" The tests alao show that with a wide cap a bracket g:iTC8 a better result than an arm, probably 
lecause splashing is avoided ; the leakage being 26 and 38 respectively. 

''New insulators may be dipped while drjr and hot in melted paraffin with excellent results, but 
fc is not certain whether the surface may not retain dirt more easily." 

On short lines, good insulation is of less importance than on long lines. When, therefore, the 
ine IB a short one, simple and cheap insulators may be used, and their maintenance need not be 
'ery carefully looked after ; but when the line is long, it becomes necessary to employ the best 
dndsi, and to keep them in a perfect condition. If the insulation is defective, and there are no 
oaotkable means lor improving it, tlie resistance must be lessened. This may be effected either by 
ising a larger wire, or by diminishing the resistance of the apparatus. A method of reducing tbe 
eaistanoe on long lines by the use of shunts has recently been tried with good results. 

Earth Wires and Plates, — The use of eartli wires being to intercept leakage and to convey it to 
larth, it follows that they must make good earth or their effect will be ratlicr injurious than other- 
rise. A good earth connection may be formed by attaoliing a thic^ wire to the pole, and coiling it 
n a spiral beneath the foot When the soil becomes dry from long drought, the earth wires become 
lardiidly insulated, and they do not make good earth until the ground has become damp. The evils 
waiting ttom this may, in some degree, be avoided by placing the wires deep in the ground, or in 
nme oases, by conveying them to damp ground. From the main wire which is fixed to tlio side of 
he pole, branches of binding wire are carried to the insulators. They should be soldered to the 
nsalator bolts or to the iron bracket holding the insulator, these brackets being provided with a 
anned iron pin for that purpose. When wooden arms are used, the earth wires may be wrapped 
ikieely round them, or sunk in a saw groove. To convey the laikage througli the wood, as well as 
hat over its surface, to earth, they are screwed tightly between the head of the bolt by which the 
rm is fixed, and its waslier. This method is, however, not so effectual as the former. If it is 
leceabary to use eartli wires on viaducts, they must bo run from pole to pole and put to earth at the 
earest convenient place. 

The shorter the circuity the more need there is for a good earth connection. Fre<}uently the 
lefficiency of a telegraph is due to the want of such a connection. In some localities this difficulty 
iskkes itself felt more than in others, those places being especially unfavourable where the rock lies 
loae to the surface. The plates used to form the earth connection, culled earth pLites, are of copper, 
(kd ther should be buried in the upright position in a narrow trench, which should be filled up on 
loh side with smith's ashes or wood charcoal. Freoucntly good earth cannot be obtained from a 
ngle plate, and in such a case others must be put down at distances of 20 or 30 yds. apart and 
nnected by wires. When there are several circuits, the earth plates provided for each must be 
laced at such a distance apart that the resistance of the soil between them may be much greater 
lan that of the shortest circuit. If this should be impracticable, it will be necessary to increase the 
■matance of the shorter circuits by means of resistance coils, otlierwise the tendency to leakage from 
le circuit of greater to that of lesser resistatice will make itself felt. When water or gas pipes are 
mveniently situate, they may be employed instead of earth plates. The former are preferable to 
le latter. Lead pipes are objectionable, for if the ^trth connection at one end of the circuit be a 
ad pipe and at the other end an iron pipe, a permanent current will be set up. For this reason, it 
I safer to make a connection with a pipe out of doors. 

Underground Wires. — In towns it is often necessary, or at least convenient, to place a line of 
ilegraph underground. Some years ago attempts were made to employ the system more exton- 
iTeiy, but these attempts ended in failure. The success, however, which has attended the use of 
ndemound lines recently laid in towns shows that failure in the former case was due to bad 
lanuiacture and imperfect methods. But though an underground line, if laid now, throughout a 
zeat number of miles, would certainly be an engineering success, it would fail commercially on 
ooonnt of the great excess of cost over pole-work. It is not, therefore, likely that an attempt will 
e again made to extend the system beyond the boundaries of towns, though within those limits its 
doption will probably soon become general. 

The mode of laying underground wires is either to draw them into a pipe, or to place them in a 
dnd of trough fitted with a movable cover. There are advantages attending each of these methods. 
rhe wires can be much more easilv laid into the trough than drawn into the pipe, and there is also 
esB risk of injuring them during the process ; but, on the other hand, it is much more difficult to 
iixecute repairs in the former than in the latter. Pipes are more frequently employed than troughs, 
ind thev have been found in all cases to fulfil the purpose required very efficiently. Thev are 
osnally laid under the flagstones, and at every hundred yards, or closer, if the line be curved, are 
placed oblong drawing-in boxes, 30 in. bv 11 in. and 12 in. deep; these boxes are provided with 
lids formed of an iron frame, into whicn a piece of flagstone is set To prevent rust, the pipes 
should be taned inside while hot. 

Each wire is usually spun over with tape. The percha and tape or hemp, if the latter be used, 
should be well covered with Stockholm tar and sprinkled with dry, sharp sand. Gas tar should be 
avoided, as its action is injurious. It has been proix^sed to employ bitumen instead of percha or 
mbber, on account of the cost of the latter substances. Bitumen insulates very weU, but with the 
present methods of applying it, it docs not appear to give satisfactory results. 

The wires are sometimes put together in cables 400 yds. in length, and covered with braided 
hemp ; but more commonly they are simply tied together in bundles. When repairs are required 
a new cable is connected in a loop between the sound and the faulty portions at one of the drawing- 
in boxes, so that the act of drawing out the old cable pulls in the new. The joints should always 
be made at the same part of the cable, that they may be readily found when necessary. All joints 
must be tested by the accumulation process, and the conduct! bility and insulation of each length 
folly ascertained both before the wires are laid and after. Indeed, almost as much care is required 
for a long subterranean line as for a submarine cable. 

It has been jCbund that when a buried wire becomes faulty from the conductor having become 

9 E 



2994 TELEGRAPHY. 

exposed through a defect in the coating, the action of the positive current in signalling decconpoaet 
the eaJts contained in the soil, and forms combination with the copper of the wire. This tenids to 
make the insulation appear better, while the negative current increases the leakage by depositing 
copper upon the wire and breaking up the badly-conducting mass formed by the copper current. 
For this reason the zinc current is always used -in testing insulated wires. It may be remarked 
here, because the precaution is often neglected by workmen, that testing exposed pieces cf covered 
wire should be carried on in damp weather, for in dry weather a serious niult wUl hardly make 
itself apparent upon the apparatus employed. It is also well to accustom workmen to use a sensitive 
galvanometer in testing, as they usually judge of the degree of leakage by the amount of deflection 
shown on the instrument irrespective of its sensibility. A buried wire may be tested for insulation 
by the tongue by ascertaining how long it will retain sufficient charge to produce a ahock. It ii 
cnarged by a battery, allowed to remain insulated from one to ten minutes, and then placed upon 
the tongue or the lips. This method is said to be extensively employed in the United States. 

Testing Joints and for Distance of FauU. — The following lucid description of the methods of 
testing for the distance of a fault and of testing the joints in insulated wire is due to BU 8. CuQey. 

** The methods of ascertaining the distance of a fault, measured in terms of resistance, in a 
cable where a wire is not broken, are as follows ; — 

^ First, let it be supposed that a perfect earth connection exists at the fisiult. Then the resist- ^ 
anoe from eitiier station measures the distance from that station ; that is, if the reeistaDce is 28, and^ 
the resistance a mile 14, the fault is two miles off. By testing from one station only, no one can knoi 
whether an earth connection has a sensible resistance or not, or what that resistance is. This 
should only be used wlien the wire is broken, as well as to earth, and it only affords a 
of roughly guessing the position of the fault. 

" Second, let it be supposed that the fault is caused by an earth connection of some definlti^^ 
unknown resistance. In this case we may test from both stations, measuring the resistance eaeV^ 
way, while the other end of the wire is msulated. Let these measured resistances be B and *^' 
Then we have the two equations, 

X + a = R where x = distance from one end\ j^ terms of resistance, 
y + a = R ,. y = „ „ other „ / *~"" "' «uo«»ii*^. 

„ a = resistance of fault, 
and also x4-y = L „ L= known resistance of whole line ; 

, L-f (R - R') 
hence * = ^ 

'* If the resistance a remains sensibly constant, or is small compared with x and y, this will gi 
very good approximation. But there may not be two men capable of testix&g at the stations, or 
one set of instruments, and then the following test, frt>m one station only, may be employed, 
measure resistance of the line when the far end is insulated ; call this resistance L Then m( 
resistance with far end of eeurth ; call this resistance e, which will be less than the previous one, 
let L = resistance of line as before, then we have. 

First, ^ + a = I. 
Second, = e, 

o y 

Third, x + y = L. 

Hence a: = e — V(L — e) (I — f ). 

But this test also assumes a to be a constant quantity, which, unfortunately, it very seM o " ' ^ i 
The earth connection is generally accompanied by some moisture, and the electrolysis producec^^^ b 
the very currents used in testing, alters the resistance of that connection. 

^ Hence, the foUowing test, due to C. F. Yurley, in which the resistance of the fault, wbe'^^Jiei 
great or small, constant or varying, does not affect the accuracy of the result, should be empl<=3y6d 
whenever possible. It can, however, only be used where a gooa or well-insulated return wire ^^"^ooi 
the far station Sa available. 

I^et 2 L = resistance of the two lines. 

y = distance of fault from testing station — in rcsibtance. 
X = distance from far station. 

First make the connection shown in Fig. 7190, by which no part of the line is to earth VKXept 
at fault. L' line with fault in it. L well-insulated line. Let S be the value of the coils -^^hm 
adjusted, so as to bring the differential galvanometer to zero, then S = 2x + 2y, and the resist 
ance of the fault will in no way affect this test, since the fault itself does not form part of tbe 
circuit. If the resistance of L has been determined previously, this test may be omitted. 

7190. 

** Then make the connection shown in Fig. 7189. Adjust the coils afresh till the ealvanooietfli 
needle is brought to zero, and the resistance C then addeil by the coils wUl be iudi tint 
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C'^ysiy + 2s,ca[Oes2x, The fault of which the reeistance is unknown, is of course equally 
added to the two oiroaita in oonnection with tlie two branches of the galvanometer, and has there- 
fore no eifeet on ike reeistanoe C, required to bring the needle to zero. It will be observed that 

2» » 

5 = 5-7 — J — r = -=* expresBes the fraction of the whole line, separating the fault from the distant 
26 Qy ± *^ i-* 

•tatkm. It 11 in this way Varley uses his test ; the inspector puts a handle in one position, adjusts 
hia ooUb till the needle is at zero, writes down the number as denominator, moves the handle to a 
■eoond position, adjusts the ooils again, and writes the second number as numerator, the fraction 
givea the position of the fiault as alwve ; we can, however, easily if we please, calculate y in fimction 

of resistance^ and obtain y = — ^ — • 

" The plan of observing the numbers, and using them to form a fraction, is, however, found well 
nited to workmen or telegraph clerks. 

" When the line is aboSlutely broken, the accident must be chissed under a different head. The 
aboenoe of continuity does not allow any use to be made of the distant station. If the line is in 
perfect contact with the earth where broken, the measurement of its robistnuco will give the 
dktuioe in function of resistance ; but if the contact is imperfect, this measurement only gives the 
som of the resistance due to the distance, and that due to the fault. Tlie resistance of the fault 
cannot then be aocurately mea8nred. 

** If the line where broken is insulated, and the line is, moreover, well insulated up to the fault, 
the following test, called the discharge test, gives some clue to the position of the fracture. Tho 
home end of the line A, Fig. 7191, is connected with one pole of a battery B for a little while, it is 
then, by a key, suddenly connected to G, one end of a galvanometer coil, the other end of which is 
to earth. The statical discharge induced on the wire by the action of the earth and the battery is 
thna diaoharged through the galvanometer, the needle of which is thrown more or less violently to 
one side ; the throw is greatest on a long line, and shortest on a short line. If the line wore 
uniform throughout, the sine of half the angle of the throw, with a given electro-motive force of the 
battery, would be proportional to the length of the Une. The distance of tho break or rupture 
oonld thus be determined, if the discharge from any known length were known ; in dry weather, on 
a good line, this test may occasionally be used with great advantage. 
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** Accidental contact between wires is shown by a return current on the second line, connected 
ss in Fig. 7192, the resistance A + B gives twice the distance if the contact is perfect. If the 
contact is imperfect, or is due to bad insulutors, the proportion between the current starting from 
A, and returning to B, when G and D are insulated, gives some rough idea of the degree of im- 
nstanoe of the defect, whether much or little. In Fig. 7192, F is the conductor connecting the two 
linea, and causing fault. 

" We will now consider the more difficult problem, of a cable where all tho wires are broken and 
ezpoaed. The ordinary tests merely give a maximum distance within which the fault must lie, but 
this distance is never accurate within three or four miles. The following method will be correct, 
within half a mile, or less, if the length and resistance per mile of the cable are correctly known. 

" The difficulty of the problem arises from several causes : — 

^ 1. As the ends are exposed, they form galvanic elements or batteries, with the iron sheath and 
the salt water, so that a + current flows from the cable, through the testing galvanometer, to earth ; 
this is steady and constant if the cable is not disturbed. 

** 2. We have to deal with two unknown resistances ; that of the wiro itself, and that between 
the exposed end and the earth ; tho first is constant, the second very variable, because — 

" 3. The action of the current alters the resistance at the point at which the metal touches 
the water, by coating it with substances which differ in conductibility ; and at the same time 
the apparent resistance is still further altered by tho ciurents of polarization set up by these 
substances. 

^ The action which takes place can be shown by placing a piece of cable in a glass filled with 
salt water, and applying a current from forty or fifty cells, one polo of the battery being connected to 
the iron sheath, the other to the copper conducting wire. The portion of the aiblc connected to the 
xino» gives off a stream of hydrogen, while the other becomes coated with a chloride of the inotal. 
Thus, if the negative pole is connected to the conductor, and the positive to the sheath, chloride of 
iron is formed, and if toe connections are reversed, chloride of copper is produced. 

** Let ns now connect a galvanometer to the cable, in such a manner that the current from the 
oable battery of copper and iron in salt water, called tho ' cable current,' shall deflect the needle to 
the right; me iron element being, of course, always on tlie earth. If a negative current is now sent 
into the cable, its direction coincides with that of the cable current, and does not aflect the direction 
of the deflection. But the superior force of the testing battery overcomes the cable current, and 
polarizes its elements. The copper wire becomes coated with hydrogen, the iron sheath with 
chk)ride of iron, so that when the testing battery current is cut off, and the cable battery i^ again free 
to act, its action is reversed, and the needle moves to the left^ under the influence of tlie current of 
polariieation. But the hydrogen gradually ent(>rs into combination and disappears from the wire, 
.the |K)larization ceases, the needle returns towards zero, passes it, and finally takes up its former 
position to the right, under the influence of the cable battery in its normnl state. On the other hand, 
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if we test with copper instead of zinc, the needle is deflected to the left, the cable battery again aett 
as a decomposition cell, but the polarization is now in an opposite direction, the copper being omted 
with its chloride, and the iron with hydrogen. When the testing current ceases, the needle therefore 
moves to the right, and continues permanently deflected in that direction, because the normal current 
from the cable battery is now in the same direction as the current of polskrization. 

" If we apply a succession of short zinc currents, after the wire has been coated with the cliloride, 
the needle will take up a right-hand deflection after the battery contact has been broken ; but the 
deflection will decrease after each test, and will finally be reverse. The deflection to the right is 
due to the polarization set up by the chloride of copper, each application of the zinc current reduces 
a portion or this chloride, and assists also in removing it mechanically by the action of the hydrogen, 
until after a time the chloride disappears, and is replaced by hydrogen. The sign of the polarization 
is then changed, and the direction of the needle changed also. But there is a moment when the 
opposite actions of the hydrogen and chloride are apparently balanced, so that the cable batterjf is 
inert, and the end of the wire unpolarized and probably uncoated. Then, and then only, can its 
correct resistanoe be determined. The object of the special method of test is to prodnoe this 
condition. 

'* The test for distance is best made with a difierential gidvanometer. First ascertain the 
approximate resistance in the ordinary way, and dean the end of the wire from the dirt and the 
B&Lta with which it will be coated, by applying a zinc current for several hours, occasionally reyersing 
it to get rid of any deposit of soda which may occur. The surface .will be roughened by the re- 
deposit of the copper, which has been dissolved, and will therefore more readily throw off the 
hydrogen evolved by the zinc current. Next, apply a positive current for the purpose of coating the 
wire with chloride of copper, and finallj test with the negative current. The action of the current 
set up by the chloride of copper will make tiie resistance appear less than it really is ; but as the 
chloride is gradually reduced by the testing current, in the manner which has just been explained, 
the resistance will appear to increase, moment by moment, and the resistance coils must be length- 
ened, unit by unit, to balance the resistance of the cable, so as to keep the needle at zero, untU it 
passes over to the opposite side suddenly, under the influence of the change of polarization, caused 
by the copious evolution of hydrogen, which will follow. The increase of apparent resistance, and 
the consequent movement of tho needle, is slow and gradual, so long as the hydrogen is employed 
in reducing the chloride ; but after the reduction is complete, and the chloride has disappeared, the 
increase in resistance is enormous and almost instantaneous. Unless, therefore, the resistance of the 
cable has been carefully balanced, so as to follow the variation of the current throughout, the test 
wiU not succeed, because the neutral condition lasts too short a time to permit the adjustment of 
the resistance coils. 

*' In any case a certain dexterity is required, which can only be obtained by practice; bnt 
fortunately the practice may be had conveniently upon an artificial fault, or a piece of percha wire 
in a tin can, filled with salt water, and connected to a set of resistanoe coils. Induction does not 
affect the tost, and as in any ordinary cable the insulation is practically perfect, its resistanoe oso 
be represented as accurately by a rheostat as by an actual cable. The nigher the tension of the 
battery, the less does the opposing current of polarization affect the resmt, for its force seldom 
exceods two or three cells. The measurement is therefore made with a battery of as high a tension 
as can be conveniently procured, sixty oeUs or more. 

'* The behaviour of a fault varies with the length of wire exposed, a short end polarises and 
depolarizes very rapidly, its changes in resistance are correspondingly rapid and its resistanoe great 
If the end is long, the changes are slower and are more reaaily obMrved ; the resistanoe of the fault 
is also less. 

** After having well studied the changes of the ftiult itself, make an artificial fault by placing a 
piece of the cable core in a tin can filled with salt water, and alter Uie length of the exposed wire 
until it behaves in the same manner as the cable, and then find its resistance, which wUl be wj 
nearly the same as the real fault; so that the distance of the break wUl be the tested resistanoe of 
the cable less that of the artificial fault. 



Inches of cx)pper wire exposed 


• a 


i 


i 


I 


\ 


J 




No. of cells used 


« • 

25 


6 


60 


6 


60 


6 


60 


6 


60 


6 


Units of line added 


296 


96 


270 


84 


259 


79 


233 


75 


226 




50 


325 


121 


299 


109 


287 


104 


261 


100 


255 




100 


385 


172 


357 


160 


345 


155 


819 


151 


312 




150 


443 


223 


416 


211 


403 


205 


376 202 


869 




200 


502 


274 


475 


262 


461 


256 


438 253 


426 




250 


561 825 


.533 


318 


519 


307 


489 


804 


482 




300 


620 876 


592 


364 


577 


358 


546 


855 


599 




350 


679 427 


651 


415 


6.36 


409 


608 


406 


596 




400 


738 ; 478 


709 


466 


694 


460 


660 


457 


658 




450 796 529 


767 


516 


752 


510 


716 


507 


709 




500 ' 856 580 


825 


567 


810 


561 


778 


558 


766 




1000 1440 .1090 


1406 


1076 


1392 


1070 


1389 ,1066 


IdSS 



60 

98 
148 
199 
250 
SOI 
352 
402 
458 
508 
554 
100 



** The foregoing table was formed upon a piece of the Dunwich-Zandvoort cables in *^'*^?i|ie 
sea-water, and shows the manner in which the apparent resistanoe varies with the teinri^ ^" ,^ 
battery, the resistance added by the rheostat to represent the cable, and the length of ill* W*^^ 
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" It is a oonyenient plan to form a table of the resistance of ends of various lengths with six and 
siz^ oells, adding resistance by a rheostat, using the negative current and allowing the end to take 
up its mflximnm resistance. The tests with the six cells will be always higher than those with sixty, 
that is to say, the resistance of the end will always appear higher when tested with the lower 
power, and the difference between the apparent and real resistance will also increase gradually, as 
the length of the cable itself, or the resistance added by a rheostat increases ; the Iwgtn of exposed 
wire being constant 

> ** If a cable is fonnd to give, with six and sixty cells, two results corresponding to some two in 
the table ; it is probable that the length and resistance of the end is the same as that of the arti- 
ficial fault used m the formation of the table, and therefore that the resistance between the testing 
station and the fault is equal to the resiBtanoe added to the artificial fault. 

'' So much, however, depends upon the manner in which the tests for the table were taken, or 
upon what we may call the ' personal equation' of the observer, that everyone should form a table for 
himself. The cable must be treated in precisely the same manner as the artificial fault, and there- 
fore no table will be perfectly correct unless it is made just before the table is tested, in order that 
the precise manipulation may not be forgotten. 

♦* The Testing of Joints in Insulated Wire. — A joint should insulate as well, or nearly as well, ns 
an equ:il length of the perfect core, and the object of the test is to ascertain if this be the case. Now 
the leakage, even from a considerable length of good core, is too small to affect the galvanometer ; 
but, although the electricity which escapes moment by moment cannot be measured, still if it were 
possible to store up the loss during a minute, and compel it to pass instantaneously through the 
coils, it would produce a sensible deflection. 

'*In order to effect this recourse is had to induction ; a metallic trough, sufficiently large to con- 
tain 2 It. or 3 ft. of the core, is suspended by straps or rods of polished ebonite, 2 ft. or even 8 ft. 
long. A small condenser is attnclied to increase its inductive capacity and enable it to store up the 
electricity which may leak through the percha. The testing battery, of not less than 200 cells, is 
insolated in a similar manner, and idl loss over the surface of the conducting wires is prevented by 
paring their ends, so as to expose a fresh clean surfiace, or even by coating them with hot paraffin. 

^ To ascertain if the apparatus is sufficiently insulated, the trough and condenser are charged, 
and the swing of the neeale, from an immediate discharge, noted. They are then re-charged, and 
left fiee for a time equal to that to be occupied by the test, and again discharged. The difference 
in the swing shows the loss in the time, and should be very small. 

'^The joint is placed in the trough, a negative current is applied to the cable, and the positive 
pole of the battery is connected to the outside coating of the condenser. Any leakage which may 
occur through the percha is by this arrangement accumulated in the condenser, and may be dis- 
charged through the galvanometer after any given interval. 

*'It is possible to find how much is lost by defective insulation during the joint test itself; but 
as both 6bre and joint are subject to the same conditions, and the object is simply to see if one 
insuliites as well as the other, this precaution does not seem to be absolutely necessary. 

** To make the test. 1st. Place the joint in the trough — ^leave one end of the cable free ; connect 
the copper pole of the battery to the galvanometer ; connect the other terminal of the galvanometer 
to the trough ; and, finally, charge the cable by applying the zinc pole. The charge within the 
cable acts inductively upon the natural electricity of the trough, the wire being in fact the inner, 
and the water the outer coating of a Leyden jar. A portion of the negative electricity of the water 
is set firae, and an eoual quantity^ of the positive is held fast or disguised by the negative charge 
within the cable. Tne free electricity is at once neutralized by the action of the battery ; if it were 
not 80 arranged, it would increase the apparent leakage from the cable, being of a similar sign. 
The deflection or swing due to the discharge being instantaneous, it follows that if the needle 
remains deflected after tiie discharge, the joint is very bad, or there is leakage over the surface ot 
the percha. The latter may be conducted to earth so as not to interfere with the test, by wrapping 
an earth wire round the core a few feet from the free end. 

**2nd. Without disturbing the charge of either cable or trough, connect one coating of the 
condenser to the trough, the other coating to the -|- pole of the battery, the zinc being to the cable 
as before. Any negative electricity which may leak from the cable will now accumulate in the 
condenser. Allow one minute for this. 

'* drd. Disconnect the condenser from the trough and battery, and discharge it through the 
galvanometer. If the trough and other parts of the apparatus have been well insulated, the swing 
will show the accumulated leakage from the portion of core under test. It is evident that these 
charges must be made by perfectly insulated keys and commutators. 

** It often occurs when there are several wires in the cable, that the apparent leakage is greater 
from the joint which is first tested than from any other joints tested at the same time. This arises 
from the charge in the first wire acting upon the others inductively. The wires not under test 
should, therefore, be put to earth until they are wanted, and the condenser and trough should be 
perfectly discharged between each test. 

'' It will be understood that the results are simply comparative, not absolute ; all that the method 
effects is to show the difference between the insulation of a joint and that of any other part of the 
core. 

^ This method somewhat differs from that ordinarily adopted. It is usual to put one pole of the 
battery to earth ; but in this case leakage takes place over the whole cable, however long it may be. 
By the plan described, the leakage is confined to the part in the trough, and the whole force of the 
battery is concentrated there, and the apparent leakage exaggerated.'* 

StAmarine Telegraph Cables. — The nature and the construction of submarine telegraph cables are 
80 clearly and fully described in the following extract ftrom a paper read by Fleeming Jenkin 
before the Institution of Mechanical Engineers, that we need do no more than quote it here ; — 

The essential parts of a submarine telegraph cable are, a conductor along which the electric 
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ruiTcnt may Qow, ODil no inanlutor to surrouDd the conduotor and oon 
in ounttict Willi tbewnler. In «eli oting wire, tlie method followed by 
chUm is to select, bj electrical te.-t, a wire whoee condnoting power 
tUat of pure copper. . 

Ill the coruiiion cable a wiru or strand of oopper fonni tlic oondurtor. wbich is oovore.1 am 
lilted by gulti-perehu. TbU oore of gutta-percha ooTerod wire ia Mrrfl with t;>«^ yarn, 
wliich a iJireHltr or k'Ba number of iroo wire 
lateral pni' 



a laiJ epinlly, to afford luogiiudiual atroigUi and 

XUblTof'tbiB class ia shown in FigB, 7133 to 7105, which repreeent the Malta and AlaiMdria 
lolegrapb cable, laid in 1861, drawn full nize ; tlie copper conducting oore A, Fig. 7185, u aboWD 
bluck iu scctlm, and ia surrounded by three ooatLngH of the insulating gntto-percha B. 




the greatest conducting power within a giyen cirei . . _._ 

tlie ciinducting power for a giren aLZi.-,and the gutta-percha sheath 'must be of prsportionattly larg :^ 

diameter to give the same speod of transmission and the same insulation as when a lolid core of cqii^^^MJ 

weight iit used. Wbeo hirge cnnductora are required, Uowever, a solid wire la not fouud fwiil ■^ 

enough; and. moreover, a single copper wire is found liable to break inade the gntta-pctubk, witha^^«i| 
any external symptooi of injury bein^' SL-en; for these reasuns a strand is almcM nnivenallj a^ ' 

In the cables first made, the inlerBttcee between tlie wires of the strand were left Taeaut; bab 
was found that under continued pressure the water invariably penetrated into these vacant umcmh 
percolated aloog them. This was thought dungenias for vorioas reasons, and thereTiwe t£« GaS 
Percha Company now lay up thoir strand in an insulating compound called Chattertoo'a ( 
oonsiftins or guttu-perclia and resinous eubstances. which so completely Silt the •pace* thi 
prcesure of 600 Iba. a square inch cannot force a single drop of water 6 in. along (he fliiulwd a 
Ktber makers have adopted tlie same plan. The cables. Figs. 7103, 7191, 7106, have this oi 
_,., .___ , _,M. „ _ .._, t-^ cable, Fig. 



witbou 



'S of tlio atnind ; wbUe the Red & 



1, Fig. 7197, and several enriier 






The manufacture of the copper condncting strand ia extremely simple. Owing to *'»;»'^*" 
of ilie metal, it seems to be of lilUo importance whether the wire U twisted in matang «* *r ?[ 
not ; although in the outer iron sheathing of the cable it is of apecial im^rlance fbr a« "^»« 
lai,l without twist. In the diagran,. Fig. 7198. U shown a simple form ^ strand »-°^J^ 
twi«t of the wires is sliown by Uie direction of the arrows upon the tour bobbimu * fii-*™™ 
roBtraius the movementof each bobbin, and IB adjusted by hand unUl the spinner foelstnat we ««■ 



TELEGRAPHY, 2999 

of each wire Ib equal: The drums of the bobbins are made large in proportion to their total diameter 
when fiill of wire, ao that the leverage of the brake does not vary rapidly during the unwinding of 
the wire. It is important that every wire of the strand should be put in with a constant and equal 
strain, otherwise one wire will sometimes ruck up during the subsequent covering process, and 
knuckle thiongh the insulating covering. Each length of wire is soldered to the next length, so that 
there may be no loose ends which might come through the gutta-percha. Where one piece of strand 
is joined to the next, a scarf-joint is made, lapped round with binding wire and neatly soldered. 

In covering the strand the gutta-percha is applied in a plastic state, in successive coatings over 
the strand, which is for this purpose drawn through a series of dies, each one in succession larger 
than the preceding. Between the several layers of gutta-percha a coating of Ghatterton's compound 
is laid on in the Malta and Alexandria and other cables, as indicated by the strong black lines in 
Figs. 7193, 7194, 7196, 7199; but the Atlantic cable, Fig. 7200, and the other cables shown in 
Figs. 7201 to 7204, are represented with a solid covering of gutta-percha because no Chatter- 
ton's compoun I was here used between the several layers of gutta-pezcha. The Red Sea cable, 
Fig. 7197, and several earlier cables had the compound between the coats of gutta-percha, though 
not between the wires of the copper strand ; the latest cables have both. 

7201. 7202. 7203. 





7204. 





The question of the relative merits of the two materials, gutta-percha and india-rubber, for the 
covering of telegraph cables, is one of much practical interest. Gutta-percha sometimes contains 
impurities, and air-bubbles were at one time not uncommon in the covering with that material ; these 
air-babbles and impurities become serious faults under the action of powerful electric currents. Gutti^- 
percha becomes plastic at about 100° Fahr., and the copper wire sometimes forces its way through the 
insulated sheath when the gutta-petoha is accidentally softened by heat; moreover, joints unskil- 
fully made are liable to decay in time. On the other hand, the merits of ^utta-percha are very great. 
Not a single yard of submerged gutta-percha has ever decayed ; and the importance of this fact after 
the experience of many years on some thousands of miles of wire can hardly be over-estimated. No 
gutta-percha cable has ever failed except from local imperfection or accidental injury ; two causes of 
failure to which lull known materials must be subject. The insulating properties of gutta-percha as 
now supplied are extremely good. 

It may be remarked here that the word insulation has frequently been used in a double sense ; 
first, as implying freedom from mechanical defect or impurity ; and secondly, as implying electrical 
resistance. Ckinsequently some statements that are true when tlie word is used in one sense have 
been incorrectly applied with the word in the other sense, causing some confusion in the comparisons 
of gutta-percha and india-rubber. Thus the circumstance that india-rubber is a better insulator in 
consequence of having a higher electrical resistance than gutta-percha, has in mistake been incor- 
rectly taken to mean that india-rubber is the better material for covering telegraph cables ; whereas 
the words better insulator imply properly in this case a superiority m the one respect of non- 
condoeting power alone, and not a general superiority in all respects. 

The defects of india-rubber differ with different makers; some kinds are liable to turn into a 
treacly substance on the oxxier surface and next to ihe copper ; others are liable to little cracks or 
fissures, which appear only after the cable has been manufactured for some time ; and other kinds 
turn slimy in water, arising it is said from a considerable absorption of water. The cause of these 
defects does not seem well understood, and various reasons have been assi^ed by different makers ; 
such as injury of the india-rubber from heat applied to make the joint, or injury from the strain put 
on the india-rubber strips as they are wound on ; defective structure arising in the preliminary 
mastication of the material in its preparation ; or some injurious effect of the contact with the copper. 
One defect is common to all forms of india-rubber covering, namely, the necessary difficulty of 
making the continuous joint which is required along the whole wire ; and another defect common 
to all forms of non-vulcanized indiarruboer is the liability to injury from grease or oil. The latter 
danger is of the most insidious kind, for the injury is not immeoiately apparent, but requires a 
long time for its full development. 

The merits of india-rubber, however, are not to be passed over lightly, and if they do not justify 
its general adoption as vet, theycertainly entitle it to all the attention it has received for the manu- 
facture of telegraph cables. When properly prepared it is an excellent insulator in the limited 
electrical sense of the word ; whether better or worse tlian the present gutta-percha does not much 
matter, as has been shown above. It maintains its insulation better at high temperatures than gutta- 
percha, and. will bear a higher temperature without permanent iniury ; it has also been thought by 
some less liable to medbanical injury than gutta-percha. But by far the most important point 
claimed in its favour is that a greater number of words a minute can be transmitted through a wire 
covered with india-rubber than through the same wire covered with the same quantity of gutta- 
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peniha of the usual qnftlit;. Tber^is reoBon to believe tbat in this respect india-nibber ia twice m 
good aa any gutlo-percha hitherto praclicallir supplied for eablee; but a few epecimen* of pitt^ 
pcTchn linvo cerl&iiily been manufactured which even in thia reepcct &re on a par witb tbe best 
mobea or india^iublHr. 

T)je gciviug with licmp or jute j'arna C, Fig. 7199, bb praetiBed at prcaeot, Ii done bj michinea 
similar to those etraTiil machmeB wliieh put a twist into the wire or jFarn : and adTanbtge u taken 
of the Seiibilitf of the yam lo phice the bobbins iu any convenient position. A larKS number oC 
vama ore used, put on witti a long twist or pitch, in order to aiotd any chance of bendlDg or twist- 
ing the core if one ynm breaks or is not so taut ns the others. The aerring meriti more attention, 
in the opinion of V. Jenkin, than it bas received, and he conxiders that manj machines for nuon- 
factaring telegraph cables still put loo much strain upon the core, eapeciallj when it is imsll and 
weak; and that the bomp might be applied so as to protect and strengtticn tbe core mnch mtwe 
eOectnally tlinn is now the case, and thus form a much better preparation than is nuw afforded for 
the flniil process of aheatliing willi iron wirt.>s. Tbe usual corea, both before and after they are ^ 
served vrith tlie fam, are very weak and liable to be stretched if any hitch occnra in the feed of the^s^ 

machines : and it is believed that several miatmpa mielit be trased to this cause, and that the eon 

struction of a thoroughly good serving maohine ia a desideratum of much importance. The yan^^ 
prutecte<l by wires remains sound under water for a long time. 

The final proceesof sheatliing tlio cable with iron wireD, Fig. T19S, is dmihu to that of makiDp^B 
wire rope ; and the machines used for the one purpose answer for tbe other, with the oimple addi- _ 
tion of a guide for the ctntnil soft served core. All the machines used lay tiie wire witbont twist _^ 
ing it, the seme ns in the manufuoture of wire ropes. 

Instead of one gutta-percha oovered core, several separately insulated wires are ft^aentlr^ 

included in one shenth, as shown in Fig. 7201, which lepreeents a cable of this olaas laid m IS' = 

between Spezzia and Corsica. This cable and all the subsequent ones are shown full site in tl 
engravings. This cable has six insulntod oondnctors, whic)i are all now in working order ; and tl 
cable baa not onet anything for repairs since first laid, and is still in oonstant work. The seven 
insulated wires in tliis and similar cablea are coated with gutta-peroha, and then laid up witj 
hemp worming iuto a strand by laying machines similar in general anrangeinent to those f^ 
sheathing. The guttiii-percha covpred wire is of course not twisted, but the hemp generally U 
The cables across the English Channel are generally of this class. _ 

In tbe Atlantic telegraph cable, shnwu in Fig. 7200, laid in 18S7, the simple iron wires of 
sheath wore replaced by small stranda, made each of seven wirea of '028 in. diameter ; but tl 
were found objectionable on account of tlieir rapid corrosion. 

Strands fonned of thick wire are, however, frequently used to cover heavy shore-enda of te 
gtaph oablcs, and are almost necessary in the largest cables for giving sufOoient fleiibili— 
Figs. 7209, 7206, represent tbe Holland cable, the (£ore end of which. Fig. 7206, wei^ IZ~ 
tons a nautical mile; the external protecting wire is here 0'220 in. diameter in the strands oo^ 
ing tbe shore end, while tlie single wires covering the main cable are 0'S75 in. diameter. Fig, 7 
hat in the process of manufacture the cable waa wound round a 7-ft. dram without difflonltj. 





In the Toulon and Algiers cable. Fig. 7199, laid In 1860, the iron wires of the 
replaced by steel wirea, 0'OS9 in, diameter, each covered by a tarred hempen atrand. His 
though convenient in many ways, has been abandoned, because the marine Inseols eat awa;y^ " 
hemp with great rapidity, leaving a mere bundle of loose wires. Simple hempen ootwiDgs"^* **' 
also been proposed, and in a few inslances unsuccessfully tried. _-,»>»o 

A single oopiier wire, however, 0005 in. diameter, merely covered with gntlA-peroha, Pig. 7*^^ 
was laid successfully i>i twecQ Varna and Balaclava in 1855, during the Crimean war, a distaix^^ "^ 
300 miles, and worked for about nine montlis, ^ 

In a construction of telegraph cable proposed by Allan, no outer ooToring of wires is aM»i 
but the gutta-percha covered wire is strengthened by a layer of small steel wires round the oopp* 
conductor, as shown in Fig. 7207. It is doubtful whether this plan is preferable to a simple topf^ 
stiand covered with giitta-percliH ; though superior mechanically, it is far inferior electrically. 

The ranid corrosion of the outer wires in some situations when submerged is perhnpa the ctift 
defect of the common type of submarine cable. To prevent this conosion, the Isle of Han csU^ 
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lowu Id Fig. 7203, and tliB Wexford cable, had a bitnmtiKnia ccinpomid applied oTsr the JTon 
in« on Latimer CUrk'a plan. The lale of Han eablo vaa passed through the hot melted oom- 

land-and waa conBidcTecl to have been injured in Bome 

BceaDjhaTingbeonaccidentallvdelBjed in itspnsBRge > 
itohkIi the bol nutterial. The W'eiford cable vas not E 
\amea thiongb the melt«l maw, bat bad the compound E 
Kown over it or bwted on, and b; this liiDple con- 
{▼•nee » vet; •erknu danger vai avoided. This plan 
' jnevMiting the decay of Uie iron wires is Iktt coming | 
it(> favonr. 

Aa a protection against nut it has alao been proposed to cover each of the outer viret sepa- 
tAy with gutta-percha. A cable of this make, shown in Fig. 719S, with Btiands composed oT 
iree bou wirca instead of single wires in the sheath, wa« suggested b; Chatterton for tlie new 
tlMitio line, and except on the score of cost seems well adapted For the pnrpoee. It has also been 
n^ooed to protect the iroD wfiea b; Toloanite, applied either as a geDenI coating or to each weir 

In a piftn introduced b}* Biemens, inetead of protecting the iron wirea the; are omitted 
Llag«tlier, and another material considered more dorable is substituted. TbU oonstmction of 
lUe it ifaowQ in Figs. 7208 to 7210. The cote is cmrronnded with two lajera of hempen otrands 
, C, rig. 7808, laia on under cousidemble tendon. Three or more strips of oopper i» brass G, G, 
xrat O'OI in. tliiok, are then bound round these itranda while thejr are still stretched by tho 
rtuion ; uid tliia oopper or brass sheathing gripa the hempen oords tightly, so that tbey oannot 
mtiaot loneitudiually after leHving the macEine. By tliis conatmction a cable is obtained which 
extremely light and strong ; thus a onble f in. diameter bears a strain of 15 cwt. before bretkkillg, 
* ' ' ' sonly 0-S percent, of its length mider a load of half the breaking strain. 




Figi. 7211, 7212, are of the machine used for sheathing tho cable with the metal strips. 
Sm aerring machines are placed one behind the other, and are driven in opposite directions, laying 
a two distinct hemp coverings. The number of bobbins or the size of the strand in the two 
iBidiineB it to adjusted that each eoverinc, although of diffbrent diameter, may have the same ley 
r pitch of the spiral. Escli hemp stiatid passes round a y nnlley between the bobbin and the 
ijing plale, and an adjnstuble brake is applied to each of these pulleys to strain or atrctcb tlie 
xaada. A oable of * in. finished diameter has two layers of IG hempen strands each, and each 
land is laid on under a strain of 8 Ibe. In front of the two serving machines, and driven by a 
)p*rate band, stands the sheathing machine. Fig. 7211. The oopper or brats strips G, O, are 
<onnd on bobbins H, as in the asnal serving maciiinee; and are drawn off from the bobbins to 
)ri«ln guides of peculiar form close to the served core. The«e guides lead the several strijM 
) that each strip laps over the preoedins one by abont one'thiid of its breadth. The cure ia 
ipported and compressed by tlia tightening nozzle 1 1 up to the very spot at which the metal 
npe are laid on. The nozzle 1 is made up of segments contracted by au adjnsting screwed nut, 
e section of which is shown one qnurter full size in Fig. 7213. Tho strips laid on 
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lapping over one another would form a cone instead of a oylinder, if it were not tor a seriei 
of rollers J, J, between which the metal-sheathed cable is immediately passed. These rollers 
forcibly compress the metal sheathing into a cylindrical shape; and a simple 
adjustment regulates the pressure exerted by all the rollers, as shown in the end T213. 

elevation, Fig. 7212, by means of circular inclined surfaces K pressing upon the 
ends of the &des that carry the rollers, which are all adjusted simultaneously by 
the hand-wheel L. The result of the manufacture is certainly a cable very beautiful 
in appearance ; its practical value can only be decided by experience. 

The copper or brass sheathing affords lateral protection to the core; the longi- 
tudinal strength of the cable is amply sufficient both for the necessary strain during 
submergence, and to provide against accidental injury ; and insects will not lodge in 
the hemp so long as the metal sheathing remains intact. There may be some ground for apprehen- 
sion as to the durability of the light copper or brass sheathing ; but this must necessarily oe left 
to be decided by further experience on a large scale. 

In reference to the defects of the usual iron-wire sheathing as shown in the drawings, it may be 
observed that some misconceptions have existed upon the subject. It seems to be generally sup- 
posed that wires laid on spirally round a soft core must, as soon as any strain oomea npon them, 
stretch somewhat in the way that a spiral spring does ; and many attempts have been made to 
obviate this supposed defect ; but on actual trial no defect is observeii. The single open helix of a 
spring stretches bv diminishing the diameter of the coil ; but when a number of wires are laid up 
toucMng one another, so as to form a solid ring or cylinder round a centre, as in a telegraph cable, 
the diameter of the ring cannot diminish, even though the centre of the cable is soft ; and con- 
sequently the only stretching that occurs is due to the elongation of the iron itself, added to a very 
small constant, due to the more perfect closing of the wires one against another. The following 
experiment on the stretching of telegraph cables is taken at random from a very large number 
made by the Board of Trade Committee on submarine telegraph cables, all conmrmatory of this 
view. The total section of iron in the Red Sea cable which was experimented upon, uiown in 
Fig. 7197, is about ^ sq. in.; and one sample 100 in. long elongated 0*56 per cent, with 75 cwi 
strain ; and it broke with 77} cwt., or about 39 tons a square inch strain upon the iron wire. 
Other samples of the same cable elongated about 1 per cent, with 85 cwt. Then single iron wires 
of about the same size as those in the cable, 0*085 in. diameter, were found to stretch from 0*46 to 
0*72 per cent before breaking, and bore about 4*4 cwt. each, or 39 tons a square inch. It appears 
therefore from experiment that there is hardly any difference in elongation between a solid rod and 

a well laid-up cable ; and in strength no difference whatever between the cable and the wire 00m 

podng it The core docs not, as at present made, add sensibly to the strength of the cable ; for if 
resistance to the extension of say 1 per cent., at which the cable breaks, is insensible compared wit 
that of the iron- wire sheathing. 

The twist put into a cable by the usual mode of coiling it when laid in a mass, as in the hxA'iE:^M''M 
of a vessel, has also sometimes been misunderstood ; a twidt Ib no doubt put into the cable by tb^^ tf'.be 
process of coiling, but this twist is as certainly taken out again when the cable is uncoiled, and ia.^ ii 
therefore of no importance. 

The only inconvenience attending the spiral lay of the cable sheathing is first apparent whem 
the cable is being paid out, without sufficient strain upon it to lay it taut arong the bonom. Ther 
as the slack accumulates the cable becomes virtually free at the bottom, whue the parts near tli m. 
surface of the sea have considerable weight to bear ; and the cable therefore untwists and thro 
itself over into a bight. The number of turns taken out of the cable, and of bights put into 
along the bottom, depends simply on the amount of slack paid out. When the cable is 
picked up, these bights draw tight into kinks, to the injury of the recovered cable; and this is tlcC .^i^e 
only practical inconvenience attending the usual spun cables. The amoimt of elongation oov 
sequent on the untwisting is quite insignificant ; and, except for these kiuks, a tel^g^ph cab' 
recovered after three years from 1500 fathoms depth has been found just as good as when it 
laid out. 

The common iron-covered cable can be easily luid safely in depths not exceeding 1000 fath< 
but beyond that depth steel wire shuuld be used for the sheathing, or the specific gravity of 
cable diminislied. Exposed hemp is not admissible, owing to the marine insectSs already mention^^ 
which are found at all depths. 

The manner of laying a telegniph cable and the machinery requitdte for carrying out t^^ the 
operation, are matters of the first moment to the telegraph engineer. The experience gained ^flS io 
lajdng the Atlantic cables, and especially the failures that attended the first attempts, have KT led 
almost to i)erfection in the machinery for paying out, as well as to the invention and bucoliiii ■ ■ iirol 
application of other machinery for recovering a cable after it has been laid. The following suocixr .^ ioct 
and clear description of such machinery is given by George Elliot in a paper read before ^ the 
Institution of Mechanical Engineers. 

The Atlantic Telegraph Gable Expedition of 1866 was twofold in its purpose, the first ob 
being to lay a new cable, and tlie second to recover and complete the one commenced and 1 
the unsuccessful attempt of the previous year. 

The cable itself was coiled in three circular wrought-irun tanks, which were built on the 
deck of the ship, as shown in Figs. 7214 to 7216, which represent a general plan and lonntudi 
and transverse sections of the vessel. The foremost tank A occupied the space which liad 
viously been the forecargo space ; and tiie after tank C was placed in what had l>een the i 
cargo space. The middle tauK B occupied wliat iiad been the second dining saloon ; and the fun— — ^^ 
(shown by the dotted lines in Fig. 7215) from the pair of boilers in that position was removed -^or 
the piuposo, those boilers being thrown out of work during the expedition. The whole of ^ ^^ 
fittings in these spaces had been removed, and each of the tanks was stayed to the sides of the sK^/p 
by two flat frames of iron, built on angle-iron fiaming, thus securing the tanks in the most artt^ 
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fltaniial manner. The deck had also been shored underneath by balk timbers, which were carried 
throoj^h from deck to deck down to the bottom of the ship. 
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The fore tank was 51 ft. 6 in. diameter, the middle tank 58 ft. 6 in., and the after tank 58 ft. ; 
they were all of a uniform depth of 20 ft. 6 in., and similarly constructed in all respects. 'The 
bottoms were } in. thick, lap-jointed ; and the sides were f in. thick in the lower half, and | in. in 
the upper half. The sides were butt-jointed, so as to present a perfectiy smooth surface inside ; and 
the bottoms were oovered with a thin wood floor to receive the cable. As it was of vital importance 
that the cable should be kept always under water, t«> prevent deoreciation of the gutta-percha 
coating, and also to afford the only means of effectually testing its electrical condition, these tanks 
were carefully made water-tight. In paying out the cable, the water in the tanks was kept some- 
what below the level of the top flake, and required to be lowered duriug the paying out ; for this 
purpose each tank was snpplicKl with discharge-valves, and as the bottoms of the coils were above 
the water line of the ship, Fig. 7215, it was only necessary to open these valves in order to allow the 
tanks to discharge themselves completely. 

The c^ing of the cable into the tanks, out of the hiilks by which it was brought from the 
Telegraph Construction and Maintenance Works at Greenwich to the Great Eastern at Sheemess, 
was effected in the following manner. The cable was brought up over the side of the ship from the 
hxdk, upon wheels which guided it on to a large deep-grooved wheel driven by steam power ; on 
the tread of this wheel ran a small jockey- wheel or roller, pressing the cable down into the groove 
<^ the large wheel, so as to g^ve sufficient friction for enabling the wheel to draw up the cable from 
the hulk. The coiling commenced from the outside of tlie tank, the end being previously triced up 
above the tank, leaving a clear end for splicing and testing. The first turn of the cable was care- 
fully laid round the outside of the tank, and the next was laid back close up against the previous 
turn, and so on until a perfectly flat flake or layer was laid into the eye of the coil, which was left 
about 9 ft. 6 in. diameter. The cable was then led out direct to the outside of the tank, across the 
ooils already laid ; and another flake was commenced precisely similar to the first, this process 
being continued until the tank was filled. Tlie direction of lay-out of the cable from the end of one 
flake to the beginning of the next was tangential to the circle of the eye of the coil, as shown at D 
in the plan. Fig. 7214 ; and the portion of Ciible crossing the coils was protected from the weight 
of the coils above by wood battens laid on each side of it, about 3 in. wide and 1 in. thick, with the 
edges rounded. When the coiling down of the cable into the tanks was finiehed, eyes were fitted 
into the centre of each coil, which were telescopic in their construction, so that as the cable was paid 
out the eyes could be lowered from time to time. Men were stationed in the tanks for the purpose 
of keeping the cable always clear during the paying out. 

7217. 
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In paying out the cable it was passed up to the hatch over tlie centre of the c/iil, and carried 
over a large wheel £ about 4 ft. diameter, as shown in the enlarged longitudinal section, Fig. 7217. 
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Tha eable was then oarried in a trough F about 2 ft. wtde, made of sbeet iiDO, leadinr to the psyins- 

oat nutchineiy ; this trough was fitted nitb rollRrs at about 10 or 12 fL iDterrala to tetieTe the oble 
from friction in passing along, antil it reaahed the payiog-ont maohinerj, which was pl&oed in th« 
■leni of the ahip, Bligbtly to the port siile. 

The length of cable in ths after taok wag 6iO knots (I knot = 6084 feet = 1-15 statnte mile'), ia 
the middle tank 865 knots, and in the fore tank 671 knota; and the entire length of 2376 knots 
was joiDOd up into one Gontlnuoua len^b of cable before the lajing wm commeDced, The aiie of 
the cable was 1^ in. diameter, and its weight 31 owt. a knot in air, and 14} cwt. a knot when 
immersed ia water; the breaking strain was 8' 10 tons, equal to eleven ttmet Its weight in water 
a knot, so that the cable would just bear its own weight in II knots depth of water. 

Paying-out Machiaefy, — In the payitig-out machinery the ohief object to be attained was to 
supply some means of checking tJie cabt« in the moat regular manner poaible while passing out nf 
the ship, and also of keeping it iu a state of cooatunt tension ; and it was required that the amount 
of this tension should be at all times known, and that it should be regulated by the depth of the 
water in each partLonlar part of the ocean, and alio to some eilant by the speed of the ship. 

The most important feature is the arrsogement by which it was rendered imposatbli; that more 
than a certain strain should be kept upon the cable during the paying oat. A lesi itnin vould 
only involve a slight loss of cable ; bnt an> increased strain might possibly damage or even destroy 
it. The cable on entering the paying-out machinery was passed aver a series of six deep-enoved 
wheels, each about 3 ft. diameter, one of which is shown in side and end elevation at G ut Figs. 
T2IS, 7219. On the shaft of each wheel (1 was flied a friction-wheel H of the s " 




to which was fitted a friction-strep lined with wood and tightened by a weight on a lever; 

prevent any unnecessary wear, this frictton-wbeel ran in a tank of water K. Above eaoh of ^B 
grooved carrying wheels was a jockey-wheel J about 14 in. diameter, preMing the cable L do~~ 
inlo the groove of the carrying wheel O, anil hooped with an indiEi-rubber tire to form a l^* 
cushion, so that no damage might be done to the cable. The jookey-wbeel was also fitted w ^ 
a small friction-wheel M having a wrought-iron strap adjustable by a screw. Any one of ^K 
jockey-wheels could be lifted up, so as to allow the cable to slip freely through the groove in '^B 
carrying wheel : or in case of neccaaity the whole set of jockey-wheels could be raised at onoe 
a large hnnd- wheel, like an ordinary ship's steering-wheel, turning the longitudinal shan 
whi<^ lifted up each jockoy-wbeel by a cnnin winding upon the shaft. In pmctioe there w^^ 
generally about four of these wheels kept at work, but the machine was made witli rii in ch*^9 



^ 



ont dmm P, shown in side elevation in Fig. 7220, and in end elevation in Fig. 7221. The 
L entered on the under side of the drum, Fig. 7220, and was passed four times round, as a inp 
passed round a, capstan, and for the same purpose of getting a Arm hold upon it. Joit above 
point at which tiie cable was led on, a koife-guide Q was placeil for fleeting or slipping sidew 
the coils already on tlie drum, so as to leave a clear lead-on for the fresh cable; tliis guide ' 
adjustable in both directions with screws, like a slide-rest on a lathe. The shaft S of the dram ' 
carried through on each siile, one end being fitted with a coupling R, which will be referreiX^ 
afterwards in connection with ttie picking-up armngenients adapted to this maebine; aod 
olher end wtre fltltd the main friction-brakes T, T. 

Tliese Btlf-adjusting fricti'in- brakes were invented by Appold, and it is Interesting to not* 
that they were the identical braki's used in the Brst attempt to la; the Atlantic onbte in tS57 
The brake-wheels themselves T, T, Figs. 7220, T22I, of which there were two on the shaft, 
4 ft. 6 in. diameter, and 12 in. wide on the tread, which was turned k little convex. On 
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'bMl waa fitted a wrongbt-irDQ strap, lioad with wood, and » wnw •djnatmeDt U admitted of 
nj Mqnired aoMUDt oT fiiction being obtained. On the top oT och biako-«tnp wi 





ihtch a loQR rod V vim (natened, tcailing to the top of a bell- 

raok lever X with anna in the proportion of 1} to 1 : and lo the **"- 

mg arm of this le*er waa suspended a rod eatrjin); a number Std-Elatituni t^ 

t vdghll W, wliich were removable at ploBHure for adjusting the Jl^DifikaJJrumttJnauni&waia 

Uaia. The md was cootinueil bvlow the wtigbts, and Iwd a i-^ jl ^ 

liaton attaeiied to it working luoBcIy in a watar-cj-liiider. to pre- -' ■'■ ^^ " 

ent any suililca jerking action fioia cotniag on thu brake. By 

Brewing np the adjustmeDt U. the brake was made to )]Bve tuffl- 

lent fricljnn fui liniu^ the weights on the sospension-md. 

In order to render tliu brake self-adjusting, so tliat it siiould 
rlieve itnelF nhcuever hinding loo bord, tlie brake-strap waa ent 
hniugb, and the ends were attached to a lever A in the manner 
howD in Fig. 7220, the lower extremity of the lever being Tree to 
lovo in a slot cut in the Htaltonary bracket B. When the brake 
ru binding too hurd, so that it began to lift the weieht W too 
igh, tlie biake-strep consequently travelled ronnd and brought the lever A into the poaition shown 
c^teiL The attachment of the onu end of the brakt^Btrap at the extremity of the lever mored tbeo 
brougb an uto of a larger radius than the attaoliment of the otlier end of the strap; and the result 
ras tberefore equivalent to lanetliening tiiu bnke-stmp and slackening the brake off the snrfaoa of 
le wheel, csnaiug the weight W to full buck instantly to its original position. Tlie consaqnence of 
tiis action was that when the brake was at work the lever A kept the stivp just tiglit, and the 
•eight W oontinuud just oacillatinfc. The two bi^ro-wheels T, T, placed side by side on the droin- 
halt. Fig. 7221, were both Stted alike throughout. 

Near the end of the bell-crank levor X, Fig. 7220, a chain was sttaobed leading to a whosl T 
verhead : and from a larger wheel on the same bhaft another chain led to a barrel on a winoh Z. 
L man slandinK at this winch by turning the liunil-wheel conld immediately take all the weight 
ff tlie brakes T, T. The whole of this puying-ont machine was made doable, so tliat in case of any 
ii*hap thtre might be no delay, but the cable miglit at once Ite removed I>om one dram lo the 
tber. This nrovleion, however, fortunately proved to be needless, as throughout the ezpedititm 
lera waa no failure in any part of the machinery, its action having been in every ptutiDular perfrct. 

The cable having by these means been snfflciently checked was passed over .the stern wheel A, 
'ig. TtlT, into the aea : and on its way Ihu actual strain waa measilttd by a dynamometer pkoed at 
■, consisting of the followins arrangement. Immediately on the cable leaving the paying^out 
ran P it passed over a wheel H, and nt a ilistanee of 23 ft. 6 in. over another similar wheel I ; and 
I the centre betweHD these two wheels the dynamometer D waa fixed, which ia shown in Figs. 
£22, 7223. It oonsisted of a wheel D, weighted to a particular amount, nud riding ti{>oii the 
kble Ii, being gnided in a fixed vertical ftame by rollers A, A. Tbe amount of defleetiou evidently 
uiea acoording to tbe strain ou the cable, and the strain was caloulaled from the formula obtained 

y the ordinary rtsolution of forces, namely, 8 = ^ . W approximately : where 8 = stmin, and 

T = weight of ilynamnmeter wheel D, Ixith in the same terms ; J = distance between oenlres of 
irrying wheels H and I, Fig. 7217 : and d = deflection of cable. The values of li or amonntsof 
sOretion were calculated for all strains from 7 D>vt, up to 40 cwt., and a scale B was afBied to the 
iBtrument with an index C curried upim the wheel D ; so that the strain could Immediately bo reail 
I at all times by simple inspertion. Ttie tote! weight of the wheel D and its suspended weight F 
ai 428 lbs,, and the rod carrying the weight F was continned down lo a piston O working freely In 
inlinder of water, to prevent any sudden jerks of the dynamometer. The ordinary strain in paying 

" ■' _P ,n*_,.i_.<i_ . __J_*_^ *J ^ J_J Iff -...« 
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necenu? to band tho cable along the aide of the ship ^m the pajiuK'Out madilQeiT in the atern 

to the [doking-up machinery in the bow, on ■ ' ' — '~ *• — ' '- •>■"—»'"-■ •-au 

was diuing thia hazardous process that tlie 
cable WHS orotcen and lost. In the present 
machiuer; the ahart S of the paylng-out 
dmin F, Fig. 7217, was prolonged on one 
aide for the purpose of forming a coupling; 
to the pidiing-up arrangement. It was 
oonsideied ndvUnble to make all this part 
of the machinery eofflclently strong to work 
with, and if neixeanij even to break the 
large grapnel-rope, which bad a brRahing 
strain of more than 30 kms. The shaft S 
was therefore made ia its smallest place 
7J in. diameter. There wure three points 
to be speoiaJly eonsidered in the design; 
first, that the moTing parts of the machine 
should be kept as light aa possible so that 
tbe momentum of the moving mass in 
paying out ahonld be as small as possible, 
and sbotlld therefore strain tho cable as 
little a« posaible, either in case of any 
mdden and accidental mishap, or when 
the ship was pitching ; and this wnB of 
vital importance. Btc-mii, tliat the pick- 
ing-up Bmngtmont bIiouIiI bo capable of 
being brought into nctinu at a moment's 
notice. And third, ibat the strength of the 
machine should be siifflcient to o^pe with a 
rope having tlje uncommon breaking strain 
of 30 tons. These varinns requirements 
were admirably met b; tlie ortangements 
adopted io accordaiice with the designs of 
Clifford, the engineer of the Telegraph 
Construction and Maintenance Works, who 
had also worked out the design of all the 
machinery employed in the expedition. 

In order that Iho machinery for paying out might be as light as poaeihie, the picking-up m 
wee coupled direct to the ahaft S of the drum itself, as in Fig' ^^^l- <■> '■*'** ^^^ *^^ ""■. 
was thrown out, the pnying-ont machine remained intact and as similar as poeaible to what w 
otherwise have been uecea:-Bry if there had been no picking-up arrangement. Tliis shaft ^^- 
coupling had to be of the great strength necessary to bear a torsional strain oF 30 tuna. oct^B. 
at a leverage of 2 ft. 8 in. The alinft ends were squared, and a large wrought-iron roqplin g"' 
capable of eliding along oonpled the two shafts securely ; and the application of this was ^^K 
work of a moment. On the shaft H thoa coupled to the drum-shaft was fliod a largo spoc-wh -■ 
of 7 ft. 11} in. diameter and 5 in, pitch : this pitch may at first appear excessive, but it is less tt==> 
is in usefor such exceptional strains, A train of gearing driving the pinion working into this wIb — 
admitted of a ready alteration in speed anil power, and was driven by a pair of trunk engines ma^ 
by Penn, liaving a nnminal horse-power of SO, but working in this case considerably below t— ^ 
power, as the condensing port of the tngine was dinpensod with, and tbe steam supplied by "■ 
ship's boilers was only 20 lb?, pressure. The whole of tho spur-gear was supplied by Jack:. •■ 
of Mancheator, and was manufactured by their wheel- moulding machinery, which 
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marfcably true baariog surfoco on the teeth. The steam was conveyed to the en^nes by i 
coppi^r pipe of about 130 ft. length ; and as a considerable condeDsation was anticipated from si 
a great length of pipe, a separator and superheater were fitted close to tbe ei^ines^ so that t! 
received their steam in about an ordinary condition. 

In paying out tbe cable the portion in the after tank was first taken, in order to trim the 
as she was considerably by the stem at storting : tlie fore tank was next emptied, and the m 
tank loft to the last, the ends of the cable from tho several tanks having be«n apliccd 
originally in that order of connection. When eai^h tank became niarly empty the ship wa 
down, and it was quite stopped fur a shurt time whilst the paying out of the cable wu bansfc 
froni one tank to another. This apparently rather di^llcate opemtion was effected on both oocasS- 
without difficulty. The wliolo of tbe cable in Iho three tanlu was spliced ap iuto one length b^ ^ 
the paying out commenced; and tbe length betwi.'en each tank was cuiefully laid in lnnig>> ^^Li 
wet saw-dust, so that it could be kept under electrical test; it was also from time to time thoroaar'^-* ■] 
soaked with water. The total length of cable paid out was 1851 knots, and tbe time from >*^^^^ 
was fourteen days, giving an average of 132 knots a day paid out, and an average rate of 5} ^^**'^!? 
an hour for the cable. The total distance run was 166a knots, making the average proportiovi 
slack paid out II per c^^nt ^ . 

During the whole time of Ihe paying out, the machinery was most oarefully walcbt-d at ^' 
points. The dmms were fitted with rotomtters, thowing tho lunount of oiible which bad been t*'j 
out; and this amount was carefully noted every fifteen minutes in the ship's log, and the spscd ™ 
paying out and the speed of the sbip were calculated so that a right astoant of slack might be 
allowed. If the ship were travelling too fast, the speed was immediately reduocd in ttkS eogio*- 
room; and if too much cable wni being paid away, a smiill addition to the weights on tliednm 
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iiitf umallj muBdied tlili defeot Epeadily. Torying winds and cmrento md mmy other cii- 
•""'^""'** eumd ooQstuit trstohiiig rmm moment to moment to be ioerauinglf ncocwKcy. 

Pidti^-up MacMnery. — The cable of 18G5 liad been laid with tbout 15 per cent, of slack, and tbif 
pnemtwe of slack waa tlie great srniroe of bopo for tho Buoooaafal recovery of the ouble. It was 
^enb^M that if Ihe cable coold be raised to the Boiraoe. without hookiofi; it st more tlian a Blngle 
Mint, there wonld be a bight aiupended in the water of 9} knots in length, when in 2 knola 
lepth of water, as in tlie diagram. Fig. 722J ; aod the horizontal distauoe J J woald be 6 knots 




between the portioni reating upan the groaad, RiTing an excess of length of 15 per cent, in the 



7 oloaely the cune of the Buepended cable. 
weight S5{ awt. a knot in air, and 11 cwt. a knot when immersed in wuter ; the totiil weight of a 
mmnded length of 9^ knots in water whs therefore 6^ tone, bat u the breSiking strengtb of tlie 
e*U« was 7| tons, it wonid carry the weight of 11 knotH of its own length in water before brBakiog. 
As, bowe*er, the ponibility of its recovery in tliie manner in a single bight was generally conaldercd 
to M o«rt of the qoi'itioD, It wiis -intended tbenirore to attempt nising it by degrees only. Tim - 



hips were aconrdingly fitted with picking-op apparaloa, the Medway, Great Eastern, and 
Aioany, for the paipose of gnpiilin^ for tie cnble BimultsueouBiy in three placet; theHedwaytu 
grwple to the east and the Albany to the west of the Qreat Eoslem. 

Th« pieking-np maoliino was lery powerful, as it had tooope with a rope of 30 tons breaking 
■tnln, and if neoemary io break it. It is shown in elevation and plan in Figs. 7226, 7227. The 




two large dmms B, D, each 5 (t. B in. diameter, were fixed on Bhafta parallel to each other at It ft 
iiatanoe apart from centre to oenb«. The grapnel-rope A A wu passed fonr tinMa ronnd these two 
In the manner shown in Fig. 7227, paMing away on the oppodteiide from where it entered on. The 
aeet{nK<^thH rope was e^ted by small disc rollers C. C, placed on shafts between tbedmnu^ Four 
•bore and fonr below ; and ewh part of the rope wiis fleeted after leanngnno dram before it entered 
DD the other, tbn« keeping every portion of the rope clear of the rest. The fleeting leqnired much 
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more care in this machine than in the one for paying ont, as the shaoldee and swlTelB on the 
grapnel-rope would capsize on and hold down the preoedmg coil of the rope on the dram, unless the 
four coils were all kept very wide apart. 

As the strains to which it was expected the machine might probably be put were very great, ii 
was thought advisable not to take the power through the shafts of the drums B, B ; and accordingly 
the drums had spur-wheels D, D, fixed at each side, into which the pinions £, E, geared ; and by mu 
means no torsional strain whatever was put on the shafts of the drums. The stniin of the grapncJ- 
rope was divided thus between four spur-wheels, and the pitch of these was only 4 in. ; although in 
the paying-out machine, where this division of strain could not be effected, the spur-wheels were 5 in. 
pitch. Each of the drums had a brake F fixed to it, and both the brakes were worked by one shaft 
Q G, with two screws on it, carried foi-e and aft along the machine over the brakes. All the strain 
of the brakes was carried by brackets H, H, on the sole-plate, and in no way by the screw-shaft O ; 
and this is believed to be rather a novel application of the brake-strap, and may oe worthy of remark. 

The grapnel, Fig. 7228, was simply a very large ordinary boat grapnel, made with five prongs 
instead of three ; it stood about 4 ft. nigh, was fitted with a swivel at the top, ^^ 

weighed about 2^ cwt., and its prongs would carrv a strain of about 8 or 9 tons ^^ 

witiiout damage. Shackled to this was a 15-fathoms length of l^-in. chain, 
to which was fastened the grapnel-rope. This roi)e was a most remarkable 
one, being H in. diameter, and consisting of seven strands, six strands round 
one ; each strand again consisted of six smaller strands of hemp, in the centre 
of each of which was a wire about -^ in. diameter. The rope was repeatedly 
tested, and was never known to oroak with less than SO tons strain. Its 
weight in air was about 5 tons a knot, and in water 3^ tons. 

At the bow of the ship were fitted four iron girders carrying three cast- 
iron sheaves about 3 ft. 9 in. diameter ; these sheaves were all clear of the 
ship, and over the centre one the grapnel-rope was led on board, as shown 
at K, in Fig. 7215. The grapnel-rope was led directly to the picking-up 
machine from the bow sheave, passing through a dynamometer, so that the 
strain could be ascertained at all times. This dyfiamometer was similar to 
the one for the paying-out machinery described before, except that it was 
of a much heavier construction and loaded with a weight of 2142 lbs. The 
vertical travel of the dynamometer wheel was 5 ft., the horizontal length of 
deflected cable 30 ft., and the graduations of the scale ranged from 2 tons to 
20 tons. 

The machine was driven by a poir of trunk engines, precisely duplicates 
of the pair employed in the paying-out machine ; and these engines, together 
with the pickmg-up machine itt>elf, were made by Penn. There was also a 
system of gearing similar to that belonging to the paying-out machine, for 
admitting of a change of speed and power ; the dowest speed, when the 
engines made 80 revolutions a minute, was about f knot an hour, and the 
quickest about 1^ knot an hour. The machine was supplied with a draw-off 
wheel I and jockey-wheel J, having an adjustable weight K, so as to keep the grapnel-rope A w» 
taut on the drums B; and a rotometer was added for measuring the length of grapnel-rope o?» 
board. When the picking up of the cable was in progress, the grapnel-rope was delivered uom 
picking-up drums into the fore tank, which was at that time empty. 

The process of grappling was as follows. The exact line of the cable having been marked b; 
couple of buoys, put down by nautical observation, the ship was brought into a position about 3 c 
knots north or south of this line, according to the direction of tlie wind and current, so that Ir 
ship might be drifted slowly across the line of the cable. The new cable of 1866 had been lai 
a distance of about 30 knots southward of the line of the old cable, so as to avoid all risk of inj 
in the process of grappling for the old cable. In a depth of 1900 fathoms, ncarlv 2 knots, a 
2200 fathoms length of grapnel-rope, with the chain and grapnel as before described, was lowe 
with great care, taking about an hour or an hour and a half for the purpose. Whilst the grapnel 
being lowered, accurate observations were continuously taken of the indications given by the dy 
mometer ; and the grapnel striking the bottom, was almost immediutely indicated by a diminut 
of weight, as it and the chain weighed rather more than half a ton. About a couple of hund -^ 
fathoms of additional rope were then paid out, and the dynamometer from this time was iim^ost 
strictly watched ; averages of the indications were taken every few minutes, and many hours infre- 
quently postfcd before there was the smallest change in these averages. It was interesting^' 'o 
observe how steadily these averages remained at about 8^ to 9* tons, dependent \i\yon the lengtl :^ <^ 
grapnel-rope out, and the strength of the wind and current. An indicated rise of 5 cwt. was g^ ^^ 
rally considered satisfactory evidence that the cable was once more hooked, and this seldom prt^ -^ed 
wrong ; no attempt, however, was made to haul in the rope until the strain rose 2 tons above '^^^ 
average. As soon as a strain of 10^ to 12 tons was observed, the ship was brought up by her engm "^^ 
to ease the strain, and the operation of picking up commenced ; the strain then generally to:»^^ ^ 
about 14 or 15 tons, and continued at this amount until the bight of the cable was raided off '^ 
ground, after which time it gradually lessened. The itttempt was once made to raise this hm ^^^ 
direct to the surface without assistance from the other ships, and it proved successful, the c^**^ 
coming a few feet above the water with a strain of about t>^ tons. There was, however, a he*^^/ 
swell on at the time, and the pitching of the ship broke the cable tlirough. 

After many ineffectual attempts, the cable was at length successfully raise<l in the foUoirii^ 
manner. It was hooked by the Great Eastern, and the bight being raised about 900 fathoms firtMD 
the bottom was buoyed there, as shown at B in Fig. 7225 ; the buoy attached wa» of the laig*** 
size, weighing 3^ tons, and capable of supporting a weight of 13 tons. The Great Eastern &^ 
again grappled for the cable about 3 or 4 knots westwaS at S, and again found it; the Medm/ 
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fband it at the ttune time ai, M, ftbont Z knots weatratd of the Great Eutera. Tlie Great Eaatem 
then onnuDeaced hauling in, slgnaUiDg to the Medira; to da tbd eudq, and to break It if aba 
oonld not bring the biglit to the aurToce; this she according!? did, the cable breaking about 200 
fathoms beluw tbe enrlace. The Great Eaetem in this manuei' had a loose end of about 2 knoti to 
the weHtward, and had immediately a mnch reduced strain to contend with. Ullimatuly the end 
vaa anL-oe^sridlv brought oq board, the eteotrioal ciroiiit to Yalantia was once more established from 
the ship, and the movement of the Bnall speck of li«ht on the galvanometer scale b; the current 
received from Ireland indicated the BDCcen of the nndertoking. 

See BiTTBBY. BoBDia and BLAsmfa. Oiblx. BoPB-iuKiiia Hiouihest. 

" ' ~ J BcaearcheB in Electricity,' 3 voli., 1839-59. 

■k, 1859. Gavarret (J.), 'Td^raphie £teo- 

, , ..--. , ^.._.„ J Aocnmulation and QjnduDtion,' part i^ crown 

Svo,1862. Bhi¥ier(E.E.^ 'Traits do Taegraphiefilectriqne,' 2 volaSvo^ Paris, 1867. Sabinn (R.), 
' The Electric Telegraph,' Svo, 1867. Clark (Latimer), ' On Bleotrical Measurement,' < 
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Booka on TtUgrapky , — Faraday (M.), ' Experimental Be 
Shaflner'e (T. P.) 'Telegmph Manual/ Svo, New York, 1 
trique,' 12mo, Paris, 1861. Webb (F. C.), ' ElectriciJ Aocn 



Meilll (Dr. P.! 'Das Telegraphen-Beeht,' 8vo, Zurioli, 1871. 

AsBociation^ Kepoi-t on Eleotriesl Standards,' edited by Profeetot Fleeniing Jenkin, 8vo, 1873. 
HoekioBT (Capt. V.), ' Guide for the Electrio Ttttiug of Telegraph OaUei),' crown 8vo, 1873. Culley 
(B, S.), ' Haudbook of Practical Telegraphy ' 8»o, 

TESTING BLACHINE. Fa., Machine a fprouver ; Gbb., Prifunqt Maachiw. 

A machine for finding the amonnt of reeislance whioh materials offer to applied fbrcea under 
dfCTerent cironmatauocs, invented by David EirkalJy, is shown in Figs. 7229 to 7232. 

ThTi:e bydraulio cylinders in one 
piece, with thtir rams, are phKed at 
one end of thla inaohine, the mmheing 

E leaded oiilwanis agaln^^t a crofx-liead. 
nvingal Inched to it four iioworfu! rods. 
The rams arc not fixed lo the croiiB'bi'ul. 
aitd lliey cnn be need inde[ieiidonlly of 
i»ch olher—either the centre one alone, 
•v the t ao outer ones, or all three, accord- 
iDglnihestniinrequired. TheiamsUB 




actuated by three pumps, two of which have the some arra, bnt work with their strokes alternating, 
whilst the third is of lai^r eOtetive aiea at flrat than either of the others, but is lo contrived that 
by detaching a part of Its plonger it may be worked afterwards with a smaller offsctive area. The 



id-frame, whioh is formed with y-grooves to guide a massive (.-roBs-head, fixed upon 
uw Hnir mu oy screw nuts. For applying cmsbiug strains, bending or transvene strains, and oom- 
preaDng, punching, or indenting strains, this croes-head is fixed on the rods so as to compress the 
^lecimen in the space between it and the cylinders; whilst for applying tensile or drawing and 
■miilar stminB, the specimen is placed on the other side of the cross-head to draw t)ie specimen 
towards the cylinders. The nuts, however, remain at the end of the rods, and tubular pieces of 
initaUe lengths are put on the rods In halves between the nuts and the crossheail to transmit the 
strain from the nuts to the oross-hcad. In all opplicationa of the apparatus the strain exerted br 
the rams is opposed or met by a system of levers combined with graduated steelyards, to whieb 
weiebta are applied whereby to measure the strain brought to hear on the specimen. The first lever 
work! in a bomuntal plane st the end of the machine opposite the rams, twiug supporled by metul 
balls or by snspending links, and being acted apon by a y-pieoe, made in two parts, whioh receive 
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the end of the lever between them. In the caee of onxBhing, bending, oomprefldng, or similar Btxainiy 
the T'P^^® ^ connected either by side rods or by upper and lower links to an inner orooa-head, 
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between which and the main cross-head the specimen is placed. In the case of tensile or drair 
and of shearing strains, the specimen is connected to the Hf -piece outside of or beyond the i 
cross-head. The lever has its fulcrum knife edges bearing in a forked piece fixed to the raised 
of the sole-plate or bed-frame, or it may be maoe wiUi round pins bearing on anti-friction rollo. 
The end of the long arm of the lever is connected by a link to a short arm, projecting vertically fro 
a horizontal graduated steelyard, working in a vertical plane and fitted witn appliances for weigfaiD^ 
or measuring the strain transmitted by means of weights. The steelyard may be formed with loana 
journals or pins resting on anti-friction wheels, or it may have its bearing by a combination of kniie 
edees on surfaces disposed to meet the various strains. A weight is applied to the non-iodicatii^ 
end of the steelyard to counterbalance the weight of the long arm, so that the minutest strains may 
be measured, and this weight can be easily removed when the strain to be measured exceeds ito 
amount, so that then so much less weight will require to be put on the yard. For the purpose of 
measuring greater strains, a second balanced steelyard is arranged above the first, and the strain if 
transmitted to it from the first by a strut or rod, which can be adjusted out of the way when the 
upper steelyard is not to be used. The steelyards are marked in the usual way to indicate the 
strains, and an alarm apparatus is fitted in connection to indicate when a particular or proof stnin 
is arrived at in performing an experiment. 

Provision is made for measuring and indicating change of form in specimens operated npoo* 
whether by elongation, compression, bending, or otherwise ; and the appliance for this parpoN 
consists of two parts connected separately to the cross-heads or other parts of the apparatus betwedi 
which the specimen is placed. One part comprises a rack gearing with a pinion on a pile oarziai ii 
bearings, which with a stationary pointer form the other part. 

Provision is made for indicating through several turns of the dial by forming on it a spiral gioo** 
in which there works a small slide acted on by the pointer, and this slide shows in what diefeo' 
convolution of the spiral any indication is to be rea^. In some cases there may be a moTement 
between the part carrying the dial and the specimen, such movement interfering with theindietti(f 
of the movement, exclusively due to the specimen, and to provide for such cases the pointer oK^ 
narily fixed with a screw may be set free to be moved by a rack acting on a pinion fonned on it,tQ^ 
rack being connected to the specimen and correcting any movement of the part carrying the diiL 
The indicating appliance thus arranged may be fixed on any convenient part of the machma. 

For bending specimens or subjecting them to transverse strains the main cross-head has fitted ^ 
it two blocks, which can be adjusted near to or farther from the centre ; and whilst these blocb m 
brought to bear on two parts of the specimen, a third block pressed in the opposite direotioii is oi^ 
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to bear on the other aide of the Bpeoimen end between the two other blocks. The blooks may be 
arranged to grip the specimen. 

For applying torsional or twisting strains, the bed-frame of the machine is provided with bear- 
ing to receive the shaft or spindle to be tested ; and in testing, two toothed wheels are fixed on the 
spindle, upon which wheels a strain is applied in one direction by means of racks jointed to the main 
oron-head, whilst the opposite strain is received through a lover fixed on the shaft between the two 
toothed wheels. Adjn^ble scales to show the amount of movement are pot on the wheels, the 
pointers to such scales being attached to the holding lever, so as to show the total movement. 
Wheels of different sizes may be applied and at different distances apart, and scales may be put 
upon suitable parts of the apparatus to measure any change in the length of the specimen. The 
Wheels may be acted upon by chains or other jointed or flexible connections. 

To measure the foroe actuallv concerned in applying bursting or collapsing strains by fluid pres- 
sure, a cylinder is fitted to the chamber or vessel into which the water or fluid used in the operation 
is forced, and which vessel will be the vessel or structure to be tested in the case of a bursting 
strain, but will contain the vessel or structure to be tested in the case of a collapsing strain. The 
ewUnder is fitted with a piston, and the chamber or vessel is placed in the machine in such a way 
that the rod of the piston may communicate the pressure on its area through the nT'Pio^^e and lever 
to the steelyards. If the pressure of the atmosphere is to be used in collapsing the specimen or 
Teasel, the cylinder and piston is arranged in the machine in such a way that the piston will be 
drawn outwards relatively to the vessel by the action of the hydraulic rams, and so tend to produce 
m Tacunm inside tiie vesseL water or other liquid being contained therein. 

The machine may also be used for measuring and indicating change of form or strength in a 
^>ecimen when subjected to heat or cold, as the apparatus for applying the heat or cold may be 
easily introduced iuto the machine in such a way that the specimen under experiment may act on 
or be acted on by one or both cross-heads. 

It is an important feature of the improved apparatus that the specimens operated upon are placed 
in a horizontal position, which has many practical advantages, and amongst other things it admits 
of the application of combinations of str<iins. Thus percussive, vibratory, jarring, and other strains, 
may be applied to the specimens whilst subjected to any desired degree of temule, transverse, com- 
preeaive, or similar strains. 

When the apparatus is not required to apply great strains, one or two hydraulic cylinders or a 
screw or oombination of screws may be substituted for the three hydraulic cylinders. 

Fig. 7229 is a plan of the machine, with the strain-indicating apparatus in horizontal section ; 
Fig. 7230 is a longitudinal vertical section of the main port of the machine ; Fig. 7231 is a side 
elevation of the strain-indicating apparatus, with the framing in vertical section ; and Fig. 7232 is a 
transverse vertical section taken at the lines C, G, Figs. 7229, 7230. The different parts represented 
in the figures are referred to by the numerals 1, 2, 3, and so on. The hydraulic cylinder 1 is fixed at 
one end of a long sole-plate or bed-framo 2, which, for convenience, is cast in four separate parts, and 
rigidly bolted to each other, and held down by tie-bolts to a massive foundation of masonry. The 
bed-fifame is formed with V -grooves along the sides to guide the cylinder cross-head 3, which has 
attached to it the four rods 4, and to guide a second cross-head 5, which is fixed by screw nuts on the 
rods 4, these being screwed for the purpose. For applying crushing strains, bending or transverso 
strains, and compressing, punching, or indenting strains, this cross-head 5 is fixed on the rods 4 in 
such a position as to compress the specimen S in the space between it and the cylinder 1 ; whilst for 
applying tensile or drawing and similar strains, the specimen is plaoed on the other side of tho oross- 
beaa 5 to draw the specimen towards the cylinder 1. 

In Fig. 7229 the machine is shown as applying a bending strain to a specimen S. The rods 4 
axe represented as screwed for a considerable portion of their length, in order that the cross-head 5 
may be adjusted upon them in any convenient position ; and to &cilitate such adjustment provision 
is made for working the four screw nuts simultaneously, they being formed witli pinion-teeth 
oooneoted by intermediate toothed wheels, and worked by a hand-shaft 6 through a pair of bevel- 
pinions. The working of the nuts backwards and forwards may be avoided by applying tubular pieces 
of snitable lengths to be put on the rods in halves between the nuts and the cross-head, in which case 
the nuts might always remain at the ends of the rods, the tubular pieces transmitting the strain to 
them from the cross-head when this is placed nearer to the cylinder. In all applications of the 
apparatus the strain exerted by the cylinder 1 is opposed or met by a system of levers combined with 
Cpmdoated steelyards, to which weights are applied to measure the strain brought to bear on the 
qwcimen. The first lever 7 works in a horizontal plane at the end of the machine opposite to the 
cylinder 1, being supported on metal balls or struts or by suspending links, and being acted upon 
by aT-pieoe 8 made m two parts, which receive the lever 7 between them. In the case of crushing, 
bending, compressing, or similar strains^ the T-piece 8 is connected either by side rods or by upper 
and lower links 9, as shown in Figs. 7229, 7230, to an inner cross-head, or block 10, between 
which and the main cross-head 5 the specimen S is placed. In the case of tensile or drawing, and 
of shearing and other similar strains, the Bpecimen is connected to theT-pieoe 8 outside of or 
beyond the main cross-head 5. The strain of we T-pieceis communicated to a vertical pin 11 fixed 
in the lever 7, and fitted with steel knife edges, which bear against steel pieces fitted in eyes which 
are formed in the upper and lower parts of the T-piece to receive the pm 11. The fulcrum knife 
edges of the lever 7 aro fitted upon a similar pin 12 fixed in the lever, and they bear upon steel 
pieces fitted in eyes formed in a forked piece 13 fixed to the raided end 14 of the bed-frame 2. The 
strain acting between the end of the bed-frame and the abutment 15, against which the inner end 
of the cylinder 1 bears, is met by two cast-iron rods 16, as well as bv the bottom of the bed-frame 
itself. These rods 16 are keyed at one end in the abutment 15, una at the other end in an abut- 
ment 15 formed on the bed-frame, and connected by side bars to the raised end or abutment 14. 
The first lever 7 is represented as supported by struts 18, at each end, the lever being fitted with 
knife edges to bear on the stmts, and the struts bearing on knife edges on the bed-frames ; and this 
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cxtrioation of wirter, %Dd formiDg salts. These salts are distiDguishcd by the following charao- 
teristios ; — 

1. Water decomposes them and forms an insoluble sub-salt, whilst a ceriiin quantity of acid 
which has beoi liberated holds in solution another part of the salt not decomposed. 

2. Potassa determines in them the formation of a precipitate which is soluble in an excess of 
the reagent, but which is again thrown down when the eolution is exposed in a vacuum. 

8. Chloride of gold produces in the solution of these salts a purple precipitate known as purple 
of OuriuB. 

4. With hydiosulphuric acid they give a brown precipitate soluble in hydrosulphate of ammonia, 
and boiling hydrochloric acid, but insoluble In ammonia. 

The combinations of tin with the metalloids which we have previously considered are the 
fiiUowing ; — 

Proiochloride of Tin, Sn CI,. — The protochloride of tin may be obtained by dissolving the metal 
in hydiochlorio acid ; it is a 6olid crystallized substance, and it becomes volatile at a dtdl led heat. 
Water deoompoeee it into hydrochloric acid and oxychloride of tin, 8n, CI, O. 

2(S) + (h})« = «"'01'« + 2(ci)) 

rrotochloride Water. Oxychloride of Un. Hydrocblortc odd. 

of tin. 

The aolntion of bichloride of tin, when heated with hydrochloric acid and sulphurous anhydride, 
gives a yellow deposit of bisulphide of tin. 



6 



^)) + 280. + 8(H}) = 8n8. + sO + 4(H}e) 
wfalonde Solphnrooi Hydrochlorto BisnlDhide Btchloiide water. 




Solphnrooi Hydrochlorto Bisulphide 
of tin. aDhjdride. add. of tin. of tin. 

Protochloride of tin has a strong affinity for chlorine, which converts it into pcrchloride of tin, 
and for oxygen, which converts it into a compound of perchloride of tin and stannic aci(L 

2SnCl, + 1} + J{}e = ^^H^'je, + 6nCl4 
BidikHldeoftin. Oxygen. Water. Stannic add. Perchloride of tin. 

Perehhride of 2^. — Perchloride of tin is prepared by passing a stream of chlorine in excess 
over tin slightly heated. It is a smoking liquid, which gives with water a crystallizable hydrate, 
8n 01^ 5 aq. The bases decompose it into stannate and metallic chloride. 

Pirdilorlde Putaaaa. Stannate of potassa. Chloride of Water. 

of tin. potaadnm. 

Hydrofliulphnric acid gives with the perchloride a yellow precipitate of sulphide of tin, soluble 
in ammonia, nydrosulphate of ammonia and boiling hydrochloric acid. Chloride of gold does not 
prooi^tate it. 

Of the faromides and iodides of tin, little need be said. The protobromide is prepared in the 
•ame way as the protochloride, and it possesses similar qualities. Toe same may be said of the per- 
bromide. The proto-iodide of tin is prepared by the direct combination of one atom of tin and two 
atoms of iodine. Its properties are similar to those of the protochloride and the orotobromide. The 
periodide is also obtain^ by direct synthesis, and it possesses qualities similar to those of the 
perehloride and the perbromide. 

Fluorides of Tin. — Two fluorides of tin are known, a protofluoride 6n Fl,, and a bifluoride Sn FI4. 
They are obtained by treating the protoxide and the stannic anhydride by hydrofluoric acid. 

Sne + ^(pTi}) = ^°^« ■*" h}^ 
Protoxide of tin. Hydrofluoric add. Protoflnorlde Water. 

of tin. 

One, + *(fi}) = ®^^* 

stannic Hydrofluoric Ptorflnoride 

anhydride. add. of tin. 

Protoxide of Tin, — When protochloride of tin is precipitated by potassa, a minimum hydrate of 

tin, vP } ^<« Ib obtained, which is of a white colour and insoluble in water. It is capable of acting 

both as a base and as an acid, that is, it will produce the double decomposition both with the bases 
and the acids. 

Minimum hydrate Sulphuric add. Sulphate of tin. Water, 

of tin. 

a«. .+ 2(i}e) = «4e. + 2(H)e) 

Mlnimmn hydrate Potaasa. Staiinlteof Water, 

of tin. potassa. 

When the watery solution of stannite of potassa is left in a vacuum, it deposits black crystals of 
anhydrous oxide of tin, which decrepitate when heated and are changed into small flakes of an oKve 
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colour. The same solution, when subjected to the action of heat, is converted, into stannate of 
and tin which is thrown down. 

Stannite of potaaaa. Water. Stannate of potaasa. Fotaaaa. Tin. 

The minimnm hydrate of tin when boiled in an excess of ammonia loses water, leaving anh 
drous protoxide of tin of an olive colour. 

hJ». = soe + g}e 

Hydrate of tin. Anhydrotis Water. 

protoxide of tin. 

If the protochloride of tin is precipitated by an excess of ammonia, boiled for a moment and 
mass dried without scpiratino: the hydrochlorate of ammonia formed, protoxide of tin is obtained 
a bright red colour. This oxide assumes an olive hue when rubbed with a hard substanoe. ^ TI 
the protoxide of tin is polymorphous, aud the most stable of the three forms it may affcot is ti 
which presents an olive colour. 

Stannic Anhydride, 6n O,. — Stannic anhydride is produced by calcining the stannic and 
stannic acids. It constitutes a white mass insoluble in water aud capable of giving stannates w 
heated with an excess of potassa or soda. 

Stannic Acid, tt | ^2- — ^^^ ^^ ^^ nothing but the first anhydride of the unknown aoid ^ ^ 

It is obtained by precipitating the stannates by hydrochloric acid. 

Stannate of potassa. Hydrochloric acid. Stannic acid. Chloride of 

potaaaiiiin. 

Stannic acid is a white gelatinous substance, soluble in dilute nitric and sulphuric acid. UTi 
the influence of a gentle heat it is converted into metastannic acid. 

At a red heat it loses its water, and is converted into stannic anhydride. It combines wi'U^^ the 
bases giving salts the formula of which is -M-a } O,. 

Metastannic Acid, ^^^ g^*> Oio-— This is the first anhydride of the unknown pentastannio 

Sn 1 

jT ' > 0|«. It is obtained by heating tin with nitric acid. 

15 Sn 4- 5(g}e) + 2o(^^»}e) = 3((^^^^*je„ + 20 Ne 

Tin. Water. Nitric acid. Metastannic add. Binoxldeof 

nitrogen. 

Metastannic aoid is a white, crystalline substance, insoluble in water and in dilute nitnc <^^^^^, 
sulphuric acids ; it dissolves, however, in hydrochloric acid, and in concentrated sulphuric ac£ — ^ 
Water does not throw it down from these solutions. ^ ^ ^ --^d. 

Metastannic acid is insoluble in ammonia when it has been prepared by means of nitrie ^^^ ^^ 
But if it is thrown down from the solution of ono of its suits by means of an aoid, it dissolves ^' 

(SnO), 
in that alkali. With the bases it forms salts, the formula of which is H, 

M, 
with an excess of the base, these salts are converted into stannates. ^ ^ ^^ ^ 

Stdphtdes of Tin. — There are two uulphides of tin, a protosulphide SnS, and a bisulphide SnS^^^^gng 
Both of these may bo obtained by passing sulphuretted hydrogen through the conespondiiii,'"''^ 
chlorides. 



e,o. Whenheat^^ 



;} + 2(H}9) = ens. + 4(H}) 

Perch loride Sulphuretted Bisulphide Hydrodiloric 

of tin. hydrogen. of tin. add. 



Sn 
CI 



Sn\ 
CUf 



H}s = 6ns + 2(g) 



[0 



Protochloride Sulphuretted Bisulphide Hydrochloric 

of tin. hydrogen. of tin. add. 

Another method of preparing the bisulphide of tin is to heat together 12 parts of tin 
mated with 6 parts of mercury, 7 parts of sulphur, and 6 parts of chloride of ammonium, until ^^-^^^Jr 
mercury and the chloride of ammonium are completely evaporated. When prepared in this waj^ -^■*/< 
the bisulphide of tin is known as mosaic gold. Both sulphides of tin umte with the alkalia 
sulphides, producing sulphosalts. See Ores, Machinery and Processes employed to Dress. 

TUNNELIilNG. Fr., rercarumt des tunnels ; Geb., Tannelbau ; Ital., Ferforazione deUe ga^ 
lerie ; Span., Construccion de tunelcs. 

See Railway Engineering. 

TURBINE WATER-WHEEL. Fr., Turbine; Geb., Turhine; Ital., Tw^nne; Spait., 

A turbine is a water-wheel, having generally a vertical axis, to which motion is imparted b y 
column of water entering at the centre and passing off at the ciroumferenoe, as in thai original'^^ 
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nvented by FonmeyTOii ; or the rerene, a* in Thomion'i yortez wheel. In KDothsr urangemenl, 
that of Bnidlo, the water euten fmm above the wheel md pueee off beQeath ; in this netem there- 
>»• the diitmee of the water from the axia remaiiu oongtuit In Eome oana, as for example^ 
tonvmi's tnrbiM and Oerard'i sorew wheel, the aiis ie horizontal. 

nirfoiDea mo nnuU; divided into high and low presiore, tiie fonner being driven hf a Bmall 
Mtdy of woter baTlng a high fail, and are therefore particularly anitable for ereotJon in hilly 
limcti, whoe (he mpply of water Is noalland variable, while at the aame tioie there exirt great 
Mlitie* (or the eaay oooitruotion of reeerroira ; the latter are adapted to a large body of water 
ImvIdK a low Ul, in some cam not more than 9 inches. 

The oldest tonns of wheels having a vertical axis are fnnnd in the sonth of Fnnce aod in 
Ugaria. The mart simple of these, called rourii vohnts, consist merely of an npright sbaft on 
vhieh is fixed the wbeel, liaving plain onrred floati, driveo by the impoot of a ooltunn of water 
llaehsTgBd on the opper nirfuoe fiom a woodoi trough or apoot. The maiimnn effect obtained 
bun then wheels, mider the moat &TOiuable eiroumataooes, ia -35of theabaolate work doe to the 
UL Another Conn foood in theae part^ called rotwi A cww, amaiste of awheel having carved or 
inm-shaped bnoketa, erected in a casing «f wood or masonry ; the water being applied by a pipe 
it ODepmnt on the oirenmCerenoe, and making its exit at the oentre of the wheel trom the botlmn of 
the cue or tnb. 

It was from an exomiaation of thla wheel that Fonmeyron was led to make those experiments 
rtitoh lemlted in tbe invention of the modem turbine, the flnt being erected br him in IVanche- 
□amt< in the year 1827. These tnrbinea, as well as several others, have already been illmittated 
Ind desnibed under the head of Hydraulio Machines ; we ahall therefore confine ounelvee to an 
BXMDinatlCD of the priooiplee which govern Lhs action of theae wheels, and of tbe proper proportions 
which should exist among their several parts in order to obtain the maximum effect from any given 
UL HnmeroQS experimentd made by Horin to determine the duty of turbines and the proportions 
if their several parts whlcli give a maximum daty, have thrown considerable light upon these difH- 
Biilt iHoblema. In some of the following leotarka we shall avail onrselvea of the experieuoe of this 
salabnted hydraulio sngineer. 

IWtMks leliich ivcn'M tAt Water at tht eenlrt and ditchargt from nu 

Us c6Tini/nwiw«.-~Ptem Fig. 7233 it will be seen that this wheel 
is oompoaed of two aepante and opposed seriea of radiating 
buckets; those in the interior a being fUed and serving to direct 
the water, conveyed to them from tbe fall by tiie pipe c, with a 
tangential motion upon the Eace of tlie buckets b which constitote 
Oie wheel proper, and to which motion Is thus imparted. j 

Pereaiiagt of Ylork. — From a number of experiments which \ 
have been made with this class of wheel, it bos been foimd that 
[f we make n the number of revolations made by tbe wheel in one V 
ninato, V the velocity due to the total fall, it tiie exterior radius ' 
Df the wheel, tbe number n being comprised within the limits of 



imber n being compn. 

3V , 5-6V 

and n = -g-. 



the equation a = — and n = — ^, when the opening of the 

lireotinK vanes or sluices exceeds ) the height of tlie buckets, the 

Dt transmitted by the wheel will be represented, to vrithin 




the formula Pv = 405 QHtoFo = 4S-7 Q H foot poonds. Where P equals the m 



tanmitted to the outer circumference of the wheel in ponnds ; V the velocity of the enter ciroom- 
hrencs of the wheel in feet a minute ; Q the quantity of water in cubic feet passing in one ndnnte, 
md H the total fall in feet. 

Wtwn the opening is from ^ to f the height of the backed the neefOl eSbot will not be more 
than Pa = 37'iQH to Pn - llOQH foot poondsi and for smaller openings it Will dcoreaae still 
bster. 

To exempliiy the nse of the formnla, let it be required to find the nsefnl effect transmitted by 
ne (^ Foumeyron's tnrbines nnder the following oonditions. Quantity of water passing in one 
ninnte I680onb, n. = Q; total fell 22 ft = H; tlie absolnte work of the motor is 

1680 X 22 X 32-4 = 2303347 foot ponnds ; 
ind tbe timnber of revolations being kept lietween the indicftted limits, we shall have 

405 X 86960 = I49G880 to 437 X 36960 = 16III52 foot poonds 
li» tbe amount of useful effect 

Proportiow of Parti. — In calculating the proportions which should exist between the various 
parts of a wheel of this description ve sball liave, B the Intetior radius of the sluice cylinder, B' 
tbe. exterior radios of the turbine, R" the interior radim of tbe turbine, and seeing that tbe mean 
useful effect is equal to '65 of the absolute work of the motor, we ahall have the relation 
P D = 40'9 Q H, and Q = ^ , fh>m which we shall be able to determine tbe volume of water 

Q paning in one minute nec««ary with a given fall B to obtain the reqnired usefol effect P v. If 
Ibe volume of water Q is known, the almve formnla will give the useful effeoL 

In Older to obtain the maximum effect, tbe Irattom of the wheel should be placed a few inohee 
ibore the mean level of the staodlng tail-water. 

Tbe mean velooity of the water in tbe slnvoe sbould not exceed G ft. a second ; and the radios of 

Oua eylinderbodcnlated by the formula B = . / . Adding to the result thas obtained 

1-2 in. In order to allow for the thickness of the metal and a slight amonnt of play or olearanoa 
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between the two cytindera, we shall hft*e the interior radloi oT tbe wheel R" = B + 1'2 In. ; atnl 

tliB exterior Tad tna will be R' ^ I'SSR". 

Dimnnoni and Au^j.iicr of the Dirsrtiiuj Vntia or Oafdet, owf of (*< J?iK*rf«.— When the qnantitj Ot 
water paasing througli the vheel in one miaate !■ between IS.OOO rad SO.OOO nllooe, the thiokneM 
a of the sheet of nater pasting between two coDsecntive tkugs, o( the shortcut diitUKe of the Imtter 
»part, ahontdnot eicee3 2-4 in. And in proportion ai the qoaDtitjofwaterdecresMS, tUa distaliM 
sliouldalao be ieduc«d. The dlstanoe between two ronaecotive Tanea meaanrad on the eiroamfer- 
CDce R will be i = 2 a -I- from ' 16 to *20 in., accorxling to tlje thiokuoaa of the iron plkte of which 
the; are made. Dividing the circumference of the slnice cjlinder €-28 B br / and Ikkuig the 
neaTeet whole number of the qnoticnt which is divisible bv leTersl fsctort, for the nmnbei a m tba 
directing vaoee oi gni Jcs, the namber n' of the buckets will be n' = 1 - 33 a. The interior height c 

of the tnrbiae and the opening of the alnice will be « = . If, however, the qnantit; of 

water aotnetimea fitils considerably below and at other timea rises ooneidertibl; above the average, 
it la lietter to incrense the height t, and to divide the turbine bj diapbmgtus of thin plate irmi, 
Into two ot more horizontal sections. 

The mean velooitj of the eiterior circumference of the tuilnne will be Y = *S5 i^2g H to^ 
•60 VfjH. 

OfaerraWoiu.— The preceding formula are only applicable 
For higher folia, ot where the velocity of the Btream is groa , . . 

increased by makiug R' = t'lE" for fatls ranging from 6'6to 16-1 ft.; and for still higher 
H' = 1 -5 H''. 

The distance between tbe buckels on the interior and eiterior oiranmfeiencea of the wheel wilT*. 

be found by the fotmnlm - — ; — and ■ — ; and deducting the thickness of the mebil 

we alwU bftve the dietanoe I and T from one backet to the next, measured on tbeee ciroamf* 
The shmtcat distsnre a' from one backet to the neit, inctuding the thickneM of tlie metal, will 

approximatively determined by tbe formnla a' = — — — . And deducting the tbEckneea of 

metal we shall have that assumed by Ibe sheet of water when escaping from the wheel. 

Malt of drlinealing (A» Backtte. — Tlie nomher n of tlio buckets of the turbine being determine 
uwell as their shortest distanooa' at the exterior circumference, divide this oircnmferenoe ir'*' 
number n of equal ports, as I 2, 2 3, _ 

and BO on, Fig. 7234. Fn>m coeh of . . »« 

these points draw tangents ns 2 A. 
and lines aa 2 B inclined at 25° to the 
ttDgeots. From the points 1, 2, as 
centres, with radius 1 1 , 2 2', eqnal to 
the shorteet interior distance a of the 
bueketa. deaeribe arcs of circles ; in- 
erease this mdius by the t)lickne^fl of 
the metal forming the buckets, and 
describe other arcs, as 1 1", 2 2"; then 
tlie interior curve of tlie buckets aill 
be tangentinl to these area, nnd llic 
exterior carve tangential to the arcs 

1 r, 2 2'. The exterior surfnee of tho 
bucket mny then be determined in the 
following manner. Produce tho lino 

2 2"'oatsiilo the exterior circnraference 
and make 2 2'" equiil 2 2'; Join tho 
points I nnd 2'". At the centre of 
the line 1 2'" erect a perpendicular, 
and the pnint where this perpend iculnr 
cuts the tine 2 2' produced will be the 
centre of Ibe arc of the circle forming 
between tlie points 2 end I' the proflle 
of tlio bucket For tbe portion of this 
profile comprised between the point I' 
and the interior eircamference wepro- 
eced in tbe following manner. From 
the point C, with radiua C 2", describe 
an arc cutting tbe inner circumference in D, wl.icli will complete the trace of the bucket. TJ* 
position of the point (J is determined in the following manner. From tho centre of the l AtslP 
ilraw a line, as O C. cutting the lino 2 2' prolonged in a point C aitnate outside the interior diwp 
ferenoe, biaect the lino in J, and from d, with mdiusd O, describe a semicircle which willwi"" 
interior ciroiimferenco of the wheel hs at I) ; then, it the dislance D C equals C 2", C isUnP™ 
required. If the diatauce D C is Iubs than C 2" dmw the line U C nearer to 2", if it is gw«f™|I 
it farther from 2". After two or three trials the position of the point C may be found with bii1B<"» 
-• ^nrecy for all practical purposes. In order to narrow the discharging channels a little •• tW 

— • it is necessiirv tn increase the thickness of the bucket on its exterior ""^"'^./^ 

'-'• "hould be adopted may be tmocd with sufficient accurscy bj^"'?' 

■ "-"utially from the first part at 2' and giadnally re^™ 
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To trace the Directing Vanes, — From tlio point D draw a line D£ making with the tangent D F 
on the interior circnmferenoe an angle of 30°^ this will give the direction which should be taken 
by the water when leaving the supply cylinder. At the point D on the line D E erect a perpen- 
dicnlar D O"; from the centre <f of the line DO erect a perpendicular d'O" ; and the point O" 
where these perpendiculars intersect will be the point from which to describe i^ith radius CD 
the profile of the directing vane. The half only of these directing yanes will bo extended to the 
central mipply cylinder ; the length of the remainder being determined by a circle drawn from the 
centre O with radius O Cy'. 

Example, — ^Let it be required to construct a turbine of 40 horse-power for a fall of 6 ft., which 

33000 X 40 

shall return a useful effect of '65 of the total work. Then we shall have Q = ., , — = 5432 

40*5 X 6 

foot pounds. 

/ 5432 
The radius of the sluice cylinder will be R = . / = 33*5 in., and adding to this 1*2 ia 

for the thickness of metal and clearance, we shall have B" = 34*7 in., and R' = 1*33 x 34*7 = 

49-7 in. 

Taking a = 2*4 in. and deducing ftom it the distance apart of the buckets on the interior 

6 ' 28 R'' 
circumference of the wheel / = 2 a = 4*8 in. ; then n = — ■ = 43*31, and taking the round 

number n = 44 for the number of directing vanes, we shall have n' = 58 for the number of buckets. 

6*28 X 34*7 
The distance apart of the vanes will be --7 =4*93 in., and the thickness of the metal 

being taken as *2 in., we shall have a = 2*66 in. The arc occupied by each bucket will be 

6 * 28 X 49 * 7 

r^ = 5 * 4 in. ; and the thickness of the sheet of water passing between two consecutive 

buckets will be a' = 2*7 in. 

The velocity of the exterior circumference of the wheel in feet a second will be 

V = *55 V64-4 X 6 = 10*8, and the number of revolutions made by the turbine in one minute 

^beN = i^iii2 =30-6. 
6*28 X 2*9 

. Wheels of this kind may be erected with advantage under anv fall whether high or low ; 

they occupy but little space, and their weight in comparison with the power which they exert is 

Tery smalL They ex^ a useful effect equal to *65 and often to *70of the absolute work of 

the fall, when the sluice-gates are open nearly or quite to the full height of the wheel. They may 

be driven at varying velocities without any notable variation in the maximum effect. They will 

work at a great depth under water without the proportion of useful effect to the absolute work 

being sensibly diminished ; so that by placing them at the lowest level of the water, we may at all 

times utilize the full height of the fall. 

This wheel possesses the following defect. When the opening of the sluice-gates is less than 
two-thirds the height of the wheel, the useful effect will oe found to decrease in proportion as 
the openings become smaller. This constitutes a serious defect in those situations where the 
suppl]|rof water is very variable. In fact, in the time of floods the wheel with its sluice-gates open 
to their full extent will, although drowned, return a useful effect of *70 of the total work of the 
fall ; whilst in seasons of drought when the supply of water is small, and the height of the fall at 
its maiimum, as the sluices can be opened but a fraction of the height of the wheel, the useful 
effect will fall to '60 and often to * 50 of tlie total work. This defect may however, to a great 
extent, be remedied by the employment of horizontal diaphragms, dividing the wheel into several 
horizontal zones. 

A regulator may be used with this turbine, but in that case the sluices cannot be opened to their 
fbll extent 

Turbines which receive the Wat^r at the circumference and discharge from the centre, — The action 
and construction of this class of wheel has been fully described under the head of Hydraulic 
Machines, pages 1923 and 1932. 

Turbine which receives the Water from above and discharges from the lower side, — This turbine is 
composed of two cast-iron zones or rings placed one above the other, Fig. 7235, the lower one, which 
is toe wheel proper, containing the buckets 6, which are constructed with helicoidal curved 
sorfaces ; in the upper zone, which is fixed, are placed the directing vanes or guides a, which serve 
to discharge the water at the proper angle on the face of the buckets beneath. The quantity of 
water admitted to the wheel by the g^des is regulated by the vertical rods c which, by means of a 
▼eiy simple contrivance, may be raided and lowered together at pleasure. The pivot which supports 
the vertical axis of the wheel, instead of being in the water, is placed above. In situations 
exposed to great and long-continued fioods these wheels are constructed with a double system of 
goides and buckets ns a a', b b\ Fig. 7236 ; and by this means they may be easily adapted to the 
passing of very varying quantities of water. 

Useful Effect, — From a vast number of experiments which have been made it has been found 
that when the vertical rods are raised so as to leave the openings of the directing vanes entirely 
free, the useful effect transmitted by this wheel will equal from *68 to *70 of the absolute work of 
the fall, and wo shall have the formula P t> = 42* 4 Q U to Ft? = 43*6 Q H. And when the rods 
are lowered so as to reduce the quantity of water discharged in the proportion of 4 to 3, the useful 
effect will not fuU below *575. 

Example. — ^What is the useful effect given by a wheel of this class under the conditions Q = 9*4 
onb. ft. and H = 5 ft. ? The rods being raided so as to allow of the maximum discharge of water, 
we shall have by the foregoing rule P r = 42*4 x 9*4 x 5 = 1992*8. 
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Coialruction.—U the Tolome oC mter Q ii not known, tt msj be e«lcalated by Uw fmanU 
Q = 2^7^ , the uoUtioii of which hu alTMdy been giren. 




The tutblne should be eo pkoed that 
tlie under «ide of the wheel it » ibort 
dittauoe above the nstud level of the tail 

The thioknees a of tbe sheet of water 
paseing between the directiiig vanes aboa Id 
not exceed 2'4 to 3' 1 in. for large volumes 
of water, osnall; it is limited to t'G or 
2-Oin.; and the angle made by the mean 
fluid vein with the upper surboe of the 
wheel will be 25°. The number n of 
the gnides will be half the number n' of 
the buckets, and wo shall have n' — 2 n. 
The length « of the supply channels, tuea- 
Bored in the direction of tbe radius, will 
be equal to three or four times the thick- 
ness of a; hot where the qnanlit; of water discharged is vory ere«t, this length may be still fi 
increased. The guides being generally of cast iron they will occupy on the eiroumferenoe of ^^ 
fixed poitiOQ of the tnrbiue a thickness of about ' 4 in. The portion I of tbe mean cironmlbrer^ 
eorresponding to the lower side of each supply obannel will be found I^ tbe tbnnulk ' = — : — 

= . The number n of tbe supply channels will b 




H will be ealffulBled by the formula B 



~42-la<V64-4H' 
On each side of this eiroumferenoe, lay off in -^^ 

direction of the radius, } e, and the circles drawn through the p<^nts thus obtained will giv* *^ 
width of the directing vanes and the upper side of the buokets; tbe lower side of the booSseb 
should t>e increased by at least ' 1, in order to allow of the free discharge of the water. The 0^ scA- 
nesa of the sheet of water flnwing liom the buckets of the wheel, or their shortest distance a" ^^ron 
the nnder side of one bucket to tbe next, will be } n, tbe sheet of water flowing between **° 
consecutive directing vanes or guides. The angle formed by tbe buckets with tbe under side of" *" 
wheel shontd be about 30°. The height of tbe wheel /•', not including the guides, will be thr^>«v 
four times tlie thickness a. 

Mode of dtliruating the Bucitta, — The velool^ U of the water upon the turbine being givev */ , 
the formula of approach U = -9 VSjiH, the velocity of the meaji eiroumferenoe of the wB*'' 
will be V = 6 i/igH. Draw Ihcougb the point m, Fig. 7237, sttnate on the n: 
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of the whed, a tine making with the horizon an angle of 25^ ; mark off on this line a length m&, 

repreaenting to a oortain Bccue the yelooity U. Upon the horizontal passing through the same point m, 

layoff the Inigth ma =y,andcon- 

stmct the panllelogram ma he, 7237. 

of which the side m e will repre- p 

sent the direction and the Tune 

of the Yelooity of the water, reqni- -V - . . 

site to bring it without shock, , ^ ^^ .^ \ ■ 

upon the ba^ts ; and the mean ^ i r^t^ ^ 

profile of the hncket will be an r ^^^- 

arc of a parahola passing from |\ ^"^-^ 

the point m tangentially to the I \ '"^-.^ 

line mcy and joining the under / \ ^^^-. *. 

aide of the wheel at m', where / & " "^^ 

it is tangential to the line mfn I /v 

making with the horizon an angle / 

of 30°. The axis of this parabola / .--'' 

may be found by the proportion X 

P - A tang. 30° X r^ 

"* tang. 80° + tang, dma'' X^'' \ 

in which h! is the height of the X-'' % 

turbine, not including the guides, ^^^'' 

and the angle <f maf ia funiished — t^r^ i 

by the trace. Knowing the axis ,''''"'' 

of the parabola it will be easy to ^^''' 

complete the ourye. The profile 

thus determined is that which corresponds to the mean circumference of the wheel, and when the 

wheel is narrow the same profile may be adopted for tiie sides. When, however, the length c is 

considerable, it is better to draw, by the same method, the profiles corresponding to the outer and 

inner circumferences as well as the mean profile. 

Example. — Let it be required to construct a double turbine under the following conditions. The 
quantity of water to be discharged in ordinary times is 57 cub. ft., with a fall of 10 ft, ; in the time 
of floods the water is increased to 85 cub. ft. while the fall is reduced to 7 ft. 

The total force wUl equal in ordinary times 57 X 62-82 x 10 = 36522 foot pounds, and in times 
of flood 85 X 62*32 X 7 = 37073 foot pounds. 

For the proportions of the exterior wheel, which is worked by itself under ordinary conditions, 

O 57 

WB shall haven 00 = ^ = =3-3 sq.ft. If we take a = 2'4 in. = •2 ft., 

•68V2^H •68^64-4x10 

3*3 sq ft 
tf=3a = 7*2in.= *6ft.,we shall have n = ^^ ^ ^^. ' s 27*5 , from which we take the nearest 

•2 ft. X •6 ft 

whole number n = 28. For the length of the arc of the mean circumference occupied by each 

J. ^xi .J 1.,!,^ , a+-4in. 2*4 in. + '4 in. - ^„ . ,- ^,. 

directing vane or gmde we shall have / = — \ — ^r^^ = 77;= = 6*62 in. ; and from this 

sin. 25° '423 

28 X 6*62 
^ = — «:^5 — = 2*46 ft The number of the buckets of the wheel will be »' = 2n = 66, and 
0*^0 

their shortest distance on the lower side a' = ^ = 1*2 in., with a length ^ = 1*1« = 1*1 x 7*2 

= 7-9 in. The exterior radius of the directing vanes and of the upper side of the wheel will 

7*2 
be 29*5 + -^ = 33-1 in. The. velocity Y of the mean circumference in feet a second will be 

St 

V = '6 V2^H = *6 /v^64*4 X 10 = 15*23 ft. ; and the number of revolutions made by the turbine 

• * Ml 1^1^ ^V 60x15-23 „_ 
in one mmute will be N = ^ ^^- = ^rrr; — vr-m = 59* 15. 

6-28 B 6*28x2*46 

To determine the dimensions of the inner wheel, when the height of the fall is reduced to 

7 ft, it must be borne in mind that the quantity of wator passing through the outer wheel 

being Q = -68 x 28 x '2 x *6V64*4 X 7 = 48*62 cub. ft, the volume received by the inner 

wheel will be 85 cub. ft. - 48 cub. ft = 36*38 cub. ft. Making a = 2*4 in., tf = 4a = 9*6 in.; 

xu 36*38 ^ ^ ^ , , „ ^ 2-5 sq.ft. ,, ^ , 

then nae ===: = 2*5 sq. ft, and we shall have n = -tttl — o ^ = 15*6; and 

*68V64-4x7 •2ftX*8ft. 

A i_i XI. i. V 1 . ,/» . « + '4 in. 2*4 in. + *4 in, _ ^„ . , 

taking the nearest whole number n = 16; / = - ; ^^ = jrr^ = 6*62 m.; and 

sm. 25° '423 

_ 16 X 6*62 , ^ _^ 

^ = -6^28- = ^"*^*' 

The velocity of this wheel may be varied within certain limits on either side of that correspond- 
ing to the maximum effect, without the proportion of the useful to the absolute work diminishing 
in any marked degree. The maximum force which this wheel can exert rises to 1*48 times that 
corresponding to the maximum effect for the same openings of the guides. The emplo^ent of a 
double system of guides and buckets renders this wheel particularly suitable for situations where 
the volume of water is very variable, as it provides for the discharge of large quantities in times 
of floods, without any resisting inconveniences when the supply is small. The improvement of 
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i^en tbe action or the wheel moce anirorm iin<Ier aU oonditioni of wkler. The ttwttan of Ihk 
beel dooa aot pre«eDt any great dilQoalties, and requiree few hjdiMilie eanatnietkiii^ The pimta 
eiDR placed above tbeir water, can at aoj time be examined and oiled with little tronUa. A gi 

aaj be lued, provided that the guides aie not entirely opened. Thl< ms; therefwe be o' 

jne of the best forma of turbini 



Ltffen Doubh Turbiac—thii 

It^iwl. wblcli litis Iw.pn iMp^cly 
introduced in America, tlicro 
being at the present time. IS74, 
Bpwanis of (iOOO in operation, 
pogseaaeg BSvoral peculinrilies of 
conatruotion, aail tbe inventor 
Clauns for it great adTantaf^oa 
Oxer every other kind of walet- 
Wbeel. ItdiflerBfmm thedoubla 
turbine already desoribod in 
hsving its two seiiea of buckets 
Bitnate one over theolber, and in 
eucli set being' coDstructed on a 
80 ^rute principle : Ibe upper get 
being simple redji diacliarging 
their wsler centrally, the lowct 
aet carved and diachsrging from 
theil lower side. The water ia 
dircoted apon both sets at the 
oircnmferenoo by meaoa of 
movable guides. 

The peenliarities of its ooD' 
etroctioD will bo nndcrstood by 
a reference to the Sgaioi. Fig, 
7238 is on elevation of the wheel 
»eady foi fixing, showing guide- 
roda, guides, and outer casing ; 




Fig. 7239 i* a Tcctk*] Mctkn 

throngh the wme ; Fig. 7240 
an elevation of wheel removed 

from cxBing; Fig. 7241 aplao 

ahowing duMtion of backed 
andalmtheguideaatidgiiidA- - 

rods : and F*. 7212 » Tiew 

of a caat-iroD flame or oaatng.^ 
Id theao figures, a is the ojiUa — 
cnsing to which are fiinl thsK 
guides 6: c are the rods for- 
roguhitiag the opening of tht^ 
guides. Tbeeo rods are at~ 
toalied at the centre to tbe 
arm d, which at its outer eod 
ciDBisIa of a segment of a 
toothed wheel, into which U 



1 the I 



I rod paauj 



which piuiixi s 
upwards to an; 
podtiun. By these mesiu, 
the guides may be eaiil; 
regolated to any desired 
opening, / denot^ the upper 
buoliels, luiTing a hotixontd 
discharge, and g the lower 
bucket!, from which the dt>- 
charge itnitlaaL Thespbe- 



rical iron flame or penalock. Fig. 7242, is east iu two pottiona, and Qrmly bolted togetha aoult 
be perfectly ait and watertight; it is furnished with a movable cap or cover h anffloientlylatpto 
allow of the wheel being removed bodily if from any cause such an operation should beomie mm- 
■ary. In the «ap is a hand-hole >', and in the sides, two large man-holes t, by means of which Ihi 
'- — >l can nt any time be examined, and any dirt or rubbiuh, which from carefeamcas or other eun 
~'~" be remored. At the side is a short pipe having a flange bj which it ii jointd 
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le Buppl; pipe or wooden penetook, and at the bottom 1b aoother abort pipo throngh whtcb tba 
« makes its anspe aftei being duohorged fhva the wheel ; the lover end of this pipe shoald be 




placed abonl 1 in. below the anrface of the alanding tul-water. To the top of the oovar A U 
ttnnly bolted a bridge-tree for the support of the upper end of tbe water-wbeel shaft, lo whioh ia 
■ttuehed a clutch oonpling I. The water-wheel duift and the guide-iod both pass through water- 
tight stuffing boxes. 

The adTautagea olaimed for this wheel are, that hj the use of two sets of backets, each having an 
independent discharge, provision is mnde for the malimDm discharge of water with the minimum of 
frictiOD, and that therefute the percentage of work will greatly exceed that obtained from anj other 
wtieeL It would appear, howerer, ttmt the principal use of the upper bucketB will be to provide an 
eaay outlet for a large body of water without in auj way extracting from it a due proportion of 
work._ The makers lay great stress upon tlie amoont of cam which is bestowed upon the manu- 
botnre of these wheels, and ihe high Snibh which is given them. These, of oouree, are oonditious 
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which would gtwtly improvs the Botim of aoj wheel, uid it 
Leffel wheel is held U due rather to thew oonditioiu Uiaa to ' 
peauli&r arrangement of the buoketa. 

A totbiue, on the Herschel-JonTal ^^tx 

■Tstem, wna pri-t^ci m lSfi7 fnr tbo 
Krinbulm-SIatiuli,OLLir-Narvft, oeer St. 
Petersburg. The height of fait in this 
oue is 25 Ft. : tbs qiiHDtit; of water 
paasiag in one second, HIO cub. ft , and 
the speed fifl; revolotiocs a minnte. 
Tbe efficieua; of this tarbine ia stated 
tb be 70 per cent , the elTectiTe work 
done being eigual to niiarly 1200 horse- 
power. Tbe wlieol U 12 !i. H i». iu 
disLmcter, and the budctts are made of 
WTOught-imn plate cast into tbo wheul, 
ftbd snrronndsd by a wroiight-iron ring. 
The bnokota of the guide-wheel are also 
of wraught iron, hut the cnctrcling ring 
la of cast iron. TIjc ounng of the tur- 
bine ia 12 ft. 11 in. iu diameter, and it 
consists of Uve rings, each made in two 
[KUta, tbe second ring carrying the bear- 




ing for the vdi of the tmbiots 

whilst the lowpr riTig is tnp- 
poitcii by tigbt butkets bdt- 
roundeil liy an annular sluioe. 
Thia sluice is couDterbalnntcd, 
and can be raiacd by iiuitiibl»H 
hnnd-gcar; whilenmiiin tluicf^ 
Tiilvo ia also provided f>t en — 
lirely shutting ;. If Uie «at):-r iV 
i^iuirpd. Two harizoutiil tubers 
placed thtoughthecnsiTi;; urtb^3 
turbine act aa aopporlti tor th^^ 
fcotalep bearing of the turlpin^n 
shaft, und allow of tbe lubrieB_M 
tioD of this bearing by Bi> oi^ 
tube. They are sJso of sae^^ 
size tliat socees to the bearinr 
may be had thmugb them. H^^ 
Itt-igbt from the bottom ring ^^ 
tUe top of the tarbine abalt , 



98 ft ; the latter is of wrought iron and is 1 ft. 3J in. in diameter. The beTel-wheels by whict t*,, 
notion is taken off, are 12 tt. in diameter, and each is made in two parts b< Jled togetlier. The ta%at 
weight of the turbine is 14 tons. Tlie works wbicb this turbine aasistd in driving comtvise a Mton 
mill, with 239,692 spindles, and weaving sheds containing 1647 looms. It was constmeted by Ut« 
Haschinenfabrik-Augaburg, of Angsbnrg, BavHria. 

TURN-TABLE, Fb.. Fhqut toarmintt; Oeh., D.-ehscM.e ; Ital,, PMlafonm giraxit; Stm: 
PUa/anr- ' * 



See PERHAumrr Wat. Railway ENGDiEERiKO. 

TUYERE. Fa., Tuyh-e; Gkb., form; Itai., Fan 

See Blast Fcbnacb. Iron. 

UNDER8H0T-WHEEL. Fa. /.'«« mifcssouj; Geb.. VaWachilichllju irmwrrorf; Ital,* 



mto; Span., Tiixra 



a paletU di lotto ; SPAN., Jlwda de pair 

See Float Wateb-wheel. Htdracuo Machtoeb, Vabietieb of. 

UNIVERBAL JOINT. Fr., Jmnl mieenel; Qbs., Umver^gelmJt ; Ital., Smdo tni 
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YELOCITY. Fb^ Vitme; Gib., OeachwindigkeU ; Itau, Velocitd; Span., Velocidad, 

The speed with which a bodj is moying is termed its velocity. If the body moves uniformly, 

this may evidently be measured by the quotient of the space divided by the time. Thus the 

felooity SO miles an hour would be represented by 30 if the units be miles and hours. When the 

movement is not uniform, the velocity is measured by the space described in an infinitely small 

lime, divided by the time. Thus jr is the measure of velocity. See Akgulab Motion. 

VENTELATION. Fb., A^rage; Geb., Luftwechael; Ital., Ventilaztone; Span., VentHacum. 

VentHaimg and Warmmg. — As ventilating and warming are kindred subjects, intimately oon- 
oeoted in practice, we have preferred to include them in one article ; but for greater clearness and 
Bimpjiicity we shall investigate the questions relating to each separately. 

Ventilation consists in the removal of all vitiated air from an apartment and in the replacing of 
it by an equal quantity of pure air. To appreciate fully the necessity of this operation, it is requi- 
lifte to understand the composition of atmospheric air and the causes of its vitiation. 

Atmospheric air, in its normal or pure state, is composed of oxygen and nitrogen in the pro- 
portion of 21 to 79 ; it also contains a few thousandth parts of carbomc acid, a variable quantity of 
fapour of water, and a little carburetted hydrogen. Schoenbein, of Basle, in 1840, and more recently 
Hooieau, of Bouen, have proved that the atmosphere contains ozone also, in the very small pro- 
portion of i^A^p it is true, but varying according to situation. Thus in large cities it disappears 
sltoeether ; while its preeenoe is very appreciable in the country, especially on the tops of hiUs and 
in the depths of forests. No doubt this is one of the chief causes of the salulnity of country air. 
It has been remarked that when the wind blows from the south-west, the air contains its maximum 
(quantity of osone, and that at sudi times the mortality is low. Many careful and delicate observa- 
tions have ^et to be made to complete our knowledge of this agent; but enough has been learned 
respecting it to show that it plays an important p^ in preventing and arresting the progress of 
fennentation, and consequently in promoting the salubrity of the atmosphere. Ag^ctutunil che- 
mistry teaches us that the atmosphere always contains a variable quantity of nitrates and ammonia 
generated by the incessant decomposition of organized bodies. It is bv bringing down these sub- 
stances that rain fertilizes fallow ground, and in one manner acts beneficially on vegetation. The 
aoantit^ is largest in the neighlwurhood of large towns, where it is probably in excess. But as 
tiej exist everywhere in a greater or less proportion, we must consider these bodies as constituent 
paiia of a pure atmosphere. It is only in recent years that the intimate composition of air and 
its actual influence upon health have been made subjects of careful investigation. Formerly it 
was deemed sufficient to consider it merelv in relation to its temperature. This was one of the 
g;reatest errors committed in the matter of ventilation, and it is too often fallen into even in the 
present day. 

Such is the atmosphere in its pure state. It is rare, however, that we find it free from polluting 
matters. When a ray of sunlignt falls into a darkened room, it re?eals to our sight myriads of 
vegetable and animal molecules which, under ordinary conditions, are invisible. These molecules 
are derived firom the friction of bodies, the emanations caused by the progress of v^etation in plants, 
the respiration and transpiration of animals, and the combustion of vegetable, animal, aud mineral 
substances. The air contains idso tiie products of fermentation and effluvia of various kinds. 
When the air of towns, or even that of the open country, is analyzed, we find that it holds in sus- 
pension matters derived, not only £rom the soil, from animals and plants, but also from the surface 
of the sea, which matters are carried by the wind to very great distances. These myriads of micro- 
scopic germs play an immensely important part in the organized world. They are the agents of 
corruption, the sinister authors of disease, continually on the watch for an opportunity to insinuate 
themselves into the human organism to deposit their deadly poison. The researches of chemists 
and physicians, especially those of Faraday, have shown almost demonstratively that the worst 
efndemic diseases are due to these causes. Such facts are of themselves sutficient to render abun- 
dantly evident the necessity of providing our dwellings, and above all our hospitals, with an ample 
supply of pure air by means of a system of ventilation. But there are other causes of vitiation 
that are also of grave importance. 

It has been ascertained that the average quantity of air inhaled by a person sitting still, or moving 
gently about a room, is 600 cub. in. a minute. This air, when expired, difiers in several respects from 
what it was when inspired. Whatever its temperature may have been previous to inspiration, on 
quitting the lungs it has about the same temperature as the blood, that is, about 90^ Fahr. Thus 
it is not surprising that several persons together in a room, in which the ventilation is deficient, 
speedily raise the temperature of the atmosphere in it, seeing that each pours into the limited 
atmosphere of the room 600 cub. in. of air at 90^ every minute, irrespective of the heat which is given 
off his body by radiation. Also whatever degree of dryness the air may possess previous to inspira- 
tion, after expiration it is saturated with vapour of water. Nor are these the only changes that the 
air undergoes during its pai«age through the lungs. Another and a verv important one is that a 
quantity of its oxygen, equal to 5 per cent., is absorbed, and its place supplied by an equal quantity 
of carbonic acid. Thus, a man in an air-tight room having the form of a cube of 6 ft. side will, in 
the course of twenty-four hours, have passed everv particle of the air in it through his lungs, raised 
the temperature of the air to that of his own body, neglecting the quantity of heat abstracted by 
the walls, and seriously changed its composition by absorbing oxygen and substituting carbonic 
acid. The quantity of water which he will throw upon the atmosphere in the form of vapour will 
vary greatly according to the individual and the season. 

The composition of the air is also changed by the combustion of lights, which also deprives the 
air of a portion of its oxygen and disengages caroonic acid ; at the same time the solid products of 
combustion are thrown upon the air. 

The preceding causes of vitiation may be described as internal, since they operate within the 
building to be ventilated. But we have in addition to these, external causes of vitiation, or causes 
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that operate out of doors, and which must nlways be taken into aoooimt in designing a system of 
ventilation, a necessity that is too frequently forgotten. The chief of these causes are the gaseoos 
and solid products of combustion discharged from the chimneys of dwelling-houses and factories ; 
the decomposition of animal matter ; the decomposition and fermentatiou of vegetable matter in the 
fields und in the markets, streets, and back yards of towns ; the gases and miasmata, due to the 
same source, which are discharged froin sewers, and, of course, the internal causes which we have 
already described, and which are carried out into the external atmosphere. Against all these 
vitiating causes, nature has provided an efficient remedy in the absoiption of the polluting matters 
by the vegetables, the health of which they tend to promote. Consequently, in the open eoimtry, 
unless the source of pollution be situate very near the dwelling, the external vitiation of the atmo- 
sphere may be safely neglected. But in towns, and especially in large towns, where theae caneea 
are multiplied and intensified, and where the absence of vegetation lessens the remedial inflneneea 
provided in nature, it becomes a matter of serious importance, and one that must be carefolly con- 
sidered when estimating the quantity of air requisite lor ventilative purposes. Hitherto this snljeot 
has been strangely neglected ; in no work treating on ventilation that we are acquainted with, is it 
even mentioned. A certain number of cubic feet a minute for each person has been oonaidered 
necessary both by writers and government commissioners, quite irrespective of locality. That such 
an opinion is altogether erroneous, the facts described above sufficiently show. 

The causes of a vitiated atmosphere are so numerous, and many of them are so potent, that 
the necessity of a constant renewal of the air of an apartment is one of primary importance to 
health. This is especially the case in public buildings, where large masses of peraons con- 
gregate, and in hospitals, in which the causes of vitiation are enormously intensified. Bat we 
need not enlarge upon a necessity the gravity of which is so obvious, and which is now generally 
recognized. 

The modes of renewing the air of an apartment are few and simple. Heated air, as is well 
known, has a tendency to ascend. Advantage is taken of this fact to allow the heated and vitiated 
air to escape, its place being supplied by the denser external air. This may be described as the 
natural mode of ventilation, and is in general the most efiective. Another mode is to exhaost the 
air from the apartment by means of a fun. This has been successfully applied to certain olnnsos of 
public buildings ; but it is not generally suitable. Simple as these means are, however, the appli- 
cation of them presents great, and in some cases insurmountable, difficulties. If it were merdy a 
question of extracting the vitiated air and supplying its place with pure air, few things could be 
more easily effected. But the operation has to be performed without occasioning a peioeptibls 
draught, as the latter is as much to be dreaded as the foul air, and herein lies the problem. This 
problem evidently admits of only one solution, namely, by admitting the air through a passage 
having a widely-extended area, and situate at a oonsideruble distance from the persons in toe 
room. The best way of effecting this is to admit the cold air through a number of minute holes 
spread over a large space in or near the ceiling. A channel, for example, in communication with 
the outer air, is provided behind the cornice, and the air is allowed to enter the room thruogh 
holes, or through lon^ narrow openmgs covered with perforated zinc. Wlien theae conditions are 
properly complied with, the air can be admitted with a low velocity, and at such a distance above 
the person^ in the room that no draught is felt. But in the fulfilment of these conditious, many 
difficulties, architectural and others, are met with. The foimer may be overcome ; the latter are in 
many oases insurmountable. What these difficulties are we shall see when describing the various 
systems of ventilation. Two things may be mentioned here as militating seriously against every 
system, namely, the imperfection of structures, which allows the cold air to enter through the docva, 
windows, and crevices, thereby causing unpleasant draughts, and the necessary opening and shut- 
ting of doors, whereby the temperature of the room is suddenly lowered, and the direction of the 
currents changed. To remedy the latter evil, it has been proposed to construct double doors, similar 
to those used for the same purpose in mines ; but thougn the plan fully answers the purpose 
intended, it has been found to be impracticable. 

With respect to the position of the inlet and outlet apertures, there has been much oontroversy. 
Until recently it has been taken as a matter of course, that because heated air has a tendency 
to ascend, the aperture for its escape should be near the ceiling, and that the admission of the 
cold air should, on the contrary, be near the fioor. This principle has been generally adopted 
in practice, with the disagreeable consequence of a cold draught along the fioor. This notion 
respecting the ventilating currentd is evidently due to a misconception concerning the motion of the 
heated air. The latter has of itself no tendency to ascend ; but it rises because, having increased 
in volume under the expanding influence of heat, it is pushed up by the denser surrounding air. 
Now it is obvious that the denser fluid will exert the same force upon the less dense wherever its 
inlet aperture may be situate. Consequently, a better position for this aperture is near the ceiling, 
because, when so situate, the incoming air gets diffused in the atmosphere of the room before 
reaching the per&ons in it. It is also equally obvious, thtit the heated air will be forced as freely 
out at the bottom of the room as at the top, if we only provide that it shall escape into the 
atmosphere at a height not below that at which the cold air enters. Such a situation is therefore 
the best for the aperture of discharge; because when so placed, the air near the floor, which 
is always more or less cooled by currents entering beneath the doors, is kept at an agreeable 
temperature. Besides tliis, the heavy matters, such as carbonic acid gas, and the solid molecules 
floating in the atmosphere, are more readily and effectually swept away. This principle of 
vontiiati(jn, which rests upon indisputable facts, is being gradually substituted for the old and 
erroneous one still in very common use. 

The quantity of air that should be passed through a room in a given time in order to keep the 
atmosphere in it in a proper state of purity is a question of primary importance. Authorities are 
not agreed on this matter. Thus Peclet, calculating from the quantity of carbonic acid produced, 
says 5 cub. ft. a minute of fresh air should be allowed for each person. Reid, calculating 
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honk the quantity of fresh air required to carry off all the oontaminations resulting from 
bmnan life, says 10 oub. ft. The government commissioners say from 10 to 20 ; Morin, 15 to 20, 
lad Amott and Bosooe, 20. The quantity of air actually inhaled by a person when sitting stiU, or 
BOvinK gently about a room, is about half a cubic foot a minute. The miasmata or effluvia derived 
bom toe TariouB secretions of the body, which, as we have already said, constitute the most potent 
md dangerous cause of vitiation in the atmosphere, will reouire, say 1 cub. ft. a minute, for we can 
wHinftty this vitiating cause only approzimatively. This bUows a film or covering of air f in. thick 
yret his whole body, which mm is chaneed every minute. But when undergoing moderate 
phynoal exertion, or when heated by crowding in a public room, the quantity of air breathed is 
Mailj 1 eub. ft. a minute ; and as the poisonous emanations from the body are increased in a like 
iegvee, we may assume that 3 cub. ft a minute is the minimum quantity of fresh air requisite for 
aaeh person. This minimum ouantity is, however, calculated on the assumption that at the 
SKpiimtion of the minute the air fouled auring that time is instantly and completely removed from 
tho room. Such is far from being the case, and to take this fact into account, we must double the 
|iiAntity prsviously found. Moreover, it wul be necessary to provide a sufficient margin to allow for 
intemiption of the ventilation and unforeseen contingencies. The factor of safety to give this 
nargin should not be less than 2. This gives us as the requisite quantity of fresh air for each person 
12 cub. ft a minute. We have already explained that the atmosphere of towns is less pure than 
that of the open country; this fact must be taken into account when estimating the requisite 
luantity of air, for when the fresh air is itself vitiated, a larger quantity must be passed tlurough 
kne room. Therefore, in calculating the ventilation, 12 cub. ft. a minute for each person should be 
lUowed in the open coimtry, 15 cub. ft. in small towns, and 18 cub. ft. in large towns. 

A candle or small lamp heats the air and fouls it with the products of combustion to a degree 
requiring 1 cub. ft. a minute, and an ordinary full-size gas-burner eight times as much. According 
to the Blue Book, an ordinary open fire-place requires about 1000 cub. ft. of fresh air a minute. All 
it these causes of vitiation must be duly allowed for in calculating an adequate ventilation. To 
illustrate the application of these principles, suppose we have to ventilate a private room, say a 
dining-room, calculated to accommodate fifteen persons, and having four gaslights and one fire. 
The quantity of air necessary to keep the atmosphere of this room in the requisite state of purity, 
will be for the country (12 x 15) -f- (8 x 4) -f- 1000 = 1212 cub. ft. a minute ; for the small town 
(15 X 15) -f. (8 X 4) -f. 1000 = 1257; and for the large town (18 X 15) + (8x4)-*- 1000 = 1302 
Bub. ft. a minute. As the fresh air entering should never have a velocity greater than 3 ft. a second, 
the total area of the orifices through which it is admitted will in this case be 6*75, 7, and 7 '25 
■q. ft respectively. The velocity of the air in the channels leading to these orifices may, of 
ooone, be much greater than 8 ft. a second ; but it should be kept down to the lowest possible 
limit. If these dimensions be given to the inlet apertures, very little cold air will force itself in 
through the doors and windows ; and if the apertures be situate near the ceiling and widely dis- 
tributed, no draught will be felt in any part of the room. 

No system of ventilation can be considered perfect that allows the fresh air to enter at the same 
temperature as that of the external air, and experience has shown that no such system can be suc- 
oeeoul even in effectmg an adequate ventilation by reason of the opposition it meets with. In our 
climate the outside air is too cold during seven months of the year to admit of its being introduced 
directly into our apartments* The dangers of the cold current are as great as those of imperfect 
ventilation ; for while the latter brings fevers, cholera, and diseases of a similar character, the 
former brings colds, rheumatism, bronchitis, and consumption. For this reason, as well as from the 
diaoomfort which cold draughts occasion, it has been found that when the incoming air is not pre- 
viously warmed, the apertures are speedily closed up, the occupants of the apartment preferring 
stuffiness to cold. This condition of wanning the air previous to admission greatly complicates the 
problem of ventilation, but it must be considered as essential to any system. 

One efiiect of heat upon air is to raise its point of saturation. One cubic foot of air, say at 32^, 
is capable of containing a certain quantity of moisture, and no more. But if we raise its tem- 
perature to 80°, which is near that of the human body, it is capable of containing five times 
as much, and consequently it absorbs moisture from everything that contains any. This heating 
of the air does not dry it in the sense of extracting moisture from it ; it only increases its capacity 
of containing water, thereby rendering it more absorbent or thirsty. Air suddenly heated is thus 
rendered unwholesomely dry, and this is an important point in regard to the subject of warming, 
requiring careful consideration. Whenever the fresh air is warmed before being admitted into a 
room, an evaporating pan, or some other means, must be provided to supply the air with the neces- 
eary degree of moisture. 

We shall now consider the various modes of applying the foregoing principles to the ventilation 
of different classes of buildings. 

The atmosphere of a room may be renewed by one of three means, or by a combination of any 
two of them ; fire suction, that is, by placing the room in communication with a flue, at the bottom 
of which a fire is kept constantly burning ; mechanical suction, which is produced by means of a 
Can placed at the outlet ; and propulsion, which is effected by means of a fan or pump placed in 
communication with the inlet. Each of these means possesses advantages that render it suitable 
according to the character of the building and the object sought 

The advantages of fire suction are, that it is the most simple and natural mode of ventilation ; 
it does not require, as the oUier systems do, the attention of special attendants ; it extracts the 
vitiated air directly from the point where it is produced ; and it is the most economical, since in no 
case can the cost exceed that of the fuel consumed, and in most cases this can be reduced to a very 
small quantity by utilizing the heat of the ordinary fires. On the other hand, it, has been urged 
against this mode of ventilation, that it interferes with the draught of the chimneys, draws into the 
room the smells from the Mtchen and other offices, mingles the emanations of the patients in hos- 
pitals, and necessitates flues of large dimensions. Most of these disadvantages, however, are due 

9 o 



8026 VENTILATION. 

TBtber to a clefeotive (urnngemeDt tban to the nature of the ■jBtem itulf^ and might be abviated k» 
grtiatcr attention to details. 

Fnr the mode of ventilation by injection, it is claimed that the quality and qoanti^ of the «^ 
admitted maj be bettor regulated, tLal It may be diiected to the ipot teqnired, that the luk of ^^ 
is lessened, und that thecoelof tall up-caet abafta is aaved. Evidently the adnuitage« of both mo^^ 
are cunsiderable, and neithei am bo condemned ae absolutely inferior to the other. Fire BDotiai 
fur more generally applicable than any mecbonical contrivance ; but the latter may, in aomia ca^^ 
be fur more effective. Ciicumstancea vill always determine the choice. 

Til Vntilatim of Hotpilala. — Tho ventilation of hospitaU is subject to conditions finnonti%j 
diflTorent from those whicli have to be romplied with in other public huiklinga. Here tlie eani — 



and bedding. Tljua it is necessary, not only that the ventilative current sliould be abundant ^^ 
reach every portion of the apartment, but that it shall not csiry ttie emanatiiHU from one patiet^^ 
the next ; in other nords, tho ventilation must be so carried out that each patienl shall be beed fx% 
hilt own emnnationa and protected from those of his neighbour. 

One method of fulfilling these conditions, which hoa been very snoccMfnlly employed iit n, 
United States, is shown in Fig. T24a In this method the fresh air is iidmitt«d to the p«tuQi 
through a long narrow at erture covi:reil with a perforated plate, situate ii little above bU head, o^ 




taken out beneath the bed tlirougli an aperture in conuuuniration with a suction-flue. Tlii>>>'^ 
of tiie esses ia which insufflation may be advantageously combined with suction. Flfj.'Wtl* 
another American oiample of hospital ventilation, vory similar in general arrangement 1'''^ 
carried out in many European inetitutJons. The fresh air, after Iwing heated by « ilenifc* 
aaeeiida to llic ceiliog, and \i tlicn drawn down to apertures near the floor by amoke-flne* nndertk 
roof. The wards, in this case, arc of one story only. 

In the lle!^igning of a new buililing, care should be taken to provide for a thorough lysM 
of ventilation, the vholesoaieness of tlic structure being of more Importanoe than its artistic o^*'' 



VENTILATION. 3027 

MM. In die MM of ft hQq)iU1, mlnre aU otbera, tLe Ikira of liMtitb Bhonld take preoedeDoe of Um 
ten or beaatf. IT thia neoewi^ be borne in mind bj the kiohilMt, thofe is not mnoh diffioalty in 
•doptiDK the mort mitable and efficient arstem. Bnt in the ea«e of old bviUtiiga the difflcalty U 
mwih greater, and [t often beooiiu« oeoeBMry lo modifj a tyitem in order to adapt it to the oiroum- 
MaaoM In whteh we find ootmIveb plaoed. 

An anaogement general!; applicable, irilh iligbt modiaeaticiiu, to exiitlDg bnildingi. ii showii 
In U» aoooDipan^lng fignna. Ftg. 72*5 ia a cToa»4eetioTi of the building ; Fig. 72M a plan of the 
■nd Fig. 7217 a plan of a Boor. ' •---^■-- ■ .,_.. .■..,, . - ., 




ignlatad by a regulating diao. Four air paa>ag«a or dncta Trtna Uie npper 

_ , jjtad air to the oomera D, where the eircolation ianioally Tery languid; it ia 

IheB drawn to the middle of the apartment towarda the nndro-flne E, wlun« it u rawed down- 
warda, ao ai to eqnalitt the temperatDio. Fig. 7219 ihowa the itore {daeed in the middle of the 
nartment to draw away the Titiated air. The atore on the aeoend floor, aa well as ita ventilating 
[Ipe^ wUl ne<BHBnlf be dinded to keep the vitiated air of the two floora Beparate. Both the imoke 
Mxl air flD£a are brought ont at the lop of the roof in the manner ahown in Fig. 7350 ; thia extenwl 
pratien may be either of galvanized iron, or if more ornament be deaired, terni^tta. 






Theae arrangementa are derigned for wanning and ventilating in winter. To render them perfirot, 
liere ahonld be for the ventilation in stuomer two ventilating flre-plaooa at the points Fon each 
loor. Bmall (tap openings abonld alao be provided in the oeilfng, capable of being opened and 
iloeed by a cord, and oommunicating with a fine, terminsting above the roof, with a cowl to protect 
t from tlie rata and wind. Fig. 72fil ahowa the arrangement of one of such irapa; a door orman- 
xje A ia provided to give aoooaa to the trap. The anglfB of the ceiling and walU ahotild be 
vnnded at B to prevent the accnmulation of efllavia in those mrta which are not awept by the 
ventilating corrent A gaa jet ahonld be kept burning in the air-ooe to promote the circnlation. A 
NNnmoQ mode of admitting the air, adopted in aome of the Loudon hoapitala, ia shown in Figa. 7252, 
r293. II oonsiata of a kind of aldrting, applied to the lower angles of the loom, the air being 
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introdneed beblnd the ddrtlDg, directly bora the ontaide, and allowed to enter the room in tk^ 
DutDner rapreieiited ka the figtuog. 

A mo^flcation of the plan of rentilating a hnapitnl deacribed above haa been piopaMd b^ 
M. Jolf, to nhoM ezcelleDt work «e one Mine ot the illostralioiiB given in thit artiQle. Tla-;^ 
arnmgemeut is Bhown in Figs. 7251, 7259, in vbicb the bnilding is upuBted into two porilo^^ 
to isalHte the sexes. Here the same sysletn ^^^ 

ef VKTming and ventilating may be em- 
ployed, whatever the nnmber of wpaiate 
waraa may be. The heating appeiatos ia 
BitoAte oa before in a oentisl pert of the 
basement, and aii-dnols convey the warm 
air to eiieh apartment. The duets are pro- 
Tided with regulators to cut off the cnrrent 
or to lessen it when the apartment is un- 
aoonpied. The aii is admitted near the 
enter wait, and is allowed to escape through 
tlie bottom of the door, which ia petforated 
for that purpose, the motion being effected 
in preoianbr the eune way as already de- 
scribed. To this principal building will be 
joined the usnal dependoacica, aa doctors' 
and nnrses* room, bath-room and kitchen, 
the imoke-flnes of which trill be utilized to 
draw away downwEuda the efflavia from the 
water-closets. 

Ttiree examples of London bospit^ may 
be taken aa illustrations of the most recent 
modea of ventitatieg these institutions, — 
the new infirmary of the Wandsworth and 
Clapham Union, Ony'a Uospitol, and St. 
Tbomaa's Uospitai The Teutilalion of the 
new infirmary is wholly natnral, that is, no 
apecial firee nor mecbaniotd mesne are em- 
ployed. The ward which we shall take aa , 
an example of the whole ia 123 ft. long, 
by 21-5 ft. broad, by 12 ft. high. Two 
upright chimney bnasta, each having two 
open fire-placea, one on each side in the 
length of the ward, aland out in the centre 
of the room, eqnidistant from the enda. A 
flue, in oommunjcatiun with the outer air, 
runs along beneath the floor and inlo a 
obamber at the back of the etove. The air 
thus introduced is admitted worm into the 
wards throagb the front and upper port of 
the stove. Immediately above these open- 
ings are others exactly almilar. which also 
communicate with the air outside, but in a 
tolallj different direction. The smoke- 
fluea are conalmcted on the principle or 
having at each anglo of the clrcuJar flue a 
amall air-flue, which in thia case runs np to 
ft chamber apecially built in the roof, and 
enclosed on all aidea by gratings of terra- 
cotta. By this means a consbint down- 
draught of fresh air la obtained into the 
ward. In each pier between the windowa 

ia a Sher'""'" '' ' 

directly > 

by lines, . .. 

To get rid of the heavy gases which are generated in diseoae. and which, if nndistnrbed, i 
bte nnder the bed, an ordinary ventilator, opening liirectly into the outer air, ia Qied onder tM 
head of each bed. By opening this for a few minutea at a time, the eases are quickly diipen** 
and carried off through the ordinary outlets for the foul air. In adihtion to all thia, thsn in 
flnea in the external walla running up to the roof and opening into the wards by self-actiOE til'* 
These flues are calculated at 1 in. of area for everv 50 cub. ft. of ait contained in the want TW 
lead np into the optn apace within the roof, which ia fnmiahed with louvree at the ridge, thimp 
which the (but air finally escapes. This has been described aa nne of the moat perfect of bxhImo 
ayatems of ventilation. How far it is in ecoordanoe with the principles «e laid down at the i*^ 
ning of thia article, our readers must bo left to judge. We cannot refrain, however, tram otBUnH 
the highly pernicious plan of allowing deadly gases to accumulate nnder the beds and lluo '>'' 
peraing them among the patients by a set of ventilators spocially provided for that pnrpoae. 

At Guy's Hospital the ayatem adopted is more rational. IVo lofty down-cast Bhafl«,one«»a2 
ride of the principal entrancs, communicate witli a chamber in the basement. An np-caat ihsft*' 
the discharge of the vitiated air and the smoke ia placed near the centre of the bnflding and i» 
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. le dUbktHM from the down-ctislB. The heieht of thii np-«ut is also conaiderably greater 
than that of the otbeiB. The fresh aii paesea directlj down Into the basement, where it is heated 
bj means of hot-water pipes. It then ascends tljrough nmoerous flues in the brick piers in the 
centre of tbo muds. To admit it into the wards, the box girders Uiat carry the floors are made use 
of. and the same tneana are employed to cnrry off the Titiuted air. The mode of effecting this will be 
beat seen bv a referonoe to Figs. 72S6, 7257. The upper fluo is imbedded in the ooncrelo of the 
Boor, and admits tho fresh sir through grating; the lower flue is below the ceiling of the ward, and 
icoeirea thtongh a nnmber of circular openings the Titinted air of the ward below, which air ia 
carried bj a aerieH of independent flues into a foul-air chamber, aitoato beneath the roof, from whence 
it is conTeyed to the great up-cast. In a portion of the building erected a few years ago, the air is 
admitted at the celling and carried off through gratings near the Boor at the head of eodi bed. Lt 
this reapeot the old ia the bett^ arrangement. 




At Si Thomas'a Hospital, which ia the largert and the moat reoently erected of the London 
bonatals, the system of Tentilation carried oat partakes of the character of both the preoeding. 
Taking a ^gle ward aa an example of the whole, we flad three flre-placcs in the centre facing the 
tcid of the wud. An Iron extraction-flne encloaea the smokl^ne of eaoh flre-plsoe, the heat of the 
latter being thus rendered aTailable in producing the suction. Tbe vitiated air Is taken into thi* 
np-nst flue through a grating at the level of the ceiling. Aa In the Wandsworth Inflrmary, the 
treah air ia led in through a flue within the levels of the floor, which flue is in commanication at 
one end with the external air, and at the other with a hot-air chamber behind the flre; in this way, 
it is warmed before being admitted into the ward. The bnilding ia divided Into blocka, each floor 
of which constitutes a ward, with ita neocssary dependenciee of lavatories, nurses* rooms, and 
kitchens. Each block ia provided with its own set of not-water appanktus, the fumaoa for which is 
sitoate in the beaement stor;. The flue ^m this Is carried up to the turret level in an Iron tube 
forming the centre of an up-caat flue to tbe block. In addition to the open Area, there are on each 
floor two large ooils of hot-water pipe, and to each coil freeb air is supplied by a aeparate air-duct 
running within the levela of the floor and commuDicating with the external air. At the ceiling 
and floor lerel there ate gratings communicating with fliioa leading to the central ap-onst connected 
with the nnohe-flae of the hot-wBter apparatus in the basement. Thus we have as the means of 
introdnoiug the treth air to each ward, tbe flues communicating with tbe air-chombere behind the 
three stovea; and the flues communicating with the two hot-water coils. And as the means of 
extracting the vitiated air, we have the three np-caats surrounding the flues of the open flre-placea 
■nd leading up to a chamber ia the roof ; and those connected with the larger np-cast enclosing tho 
smoke-flue of the hot- water apparatus. 

In tbe last two examplea, tbe conditions of a good ventilation appear on the whole to be satis- 
bctorily fulfllled. No doubt some of tbe details would admit of improTement, especiallv with 
regard to the precautioas neeesKry to be taken to prevent the mingling of the emanations. of 
different patients. But geuerally the arrangements are inch as ought to give good results in 
maintaining tbe wholesomeness of the building. 

TAs Tentilation of Schoob.—Soxi to the ventilation of hoapitala, that of sehonia demands the 
moat careful attontion. Ec-re we have congregated together a large number of cliildren in various 
states of health, and often in various conditions of closnlincss. The numerous and sudden ailments 
tliat children are liable to, and the heated state iq which they usually arrive, render it doubly 
neceaaary that ths ventilation of the schoolroom should be at all times ample and brisk, but free 
from cold draughts. The delicate organization of young children eipoues them to great danger 
Uom the Infections of vitiated air, and one means of lessening tbe difScultiea of hospital ventilation 
!■ to HtmlnUli the number of patients by improving the ventilation of dwellings and schools. The 
tnoBt approved systems now in use are fairly illustrated by the following examples. 

In the flrst example, which represents a system widelv adapted on the Continent, we shall take 
one room aa a specimen of the whole. The system, as shown in Figs. 72dS, T2S9, eonslsts esseu- 
lially of a heating apparatus, situate in the basement, when there la one, and in an adjoining room 
when there is no buement story ; an air-chamber under tho roof, and several extraotioQ-flnes 
benKith the floor leading to the smoke-flue of the heating apparatus. The freeh air, which is intro- 
duced at a point situate as far as possible from the top of the np-cast, pasaea round the atove, 
ascends vertically through a duct to the air-chamber in the roof, and is admitted to the room 
through tlie ceiling. To modify the temperature of tbe inonming air, a small quantity of cold air 
may m admitted to the airchamber throngh an opeojog which in summer serve* as the aperture 
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tot the tnpply of &e«h >ir, sod whfoli for thii rewon Bhonld be dttttte m Uw 
bnitdinR and proteotod from tbe ran; at tlie aame time it •htmld be lewUlj 
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oeiling be mfflcientW numerooa Bod widelj di»tri- 
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n is rendered neceSMry With • little a 

attention on the pert of the peraon iii charge thu 
ijatem works very aeturactonlj It u also a verj 
ecoDomi<^ one, a ciroumRtance tbnt bai led to id 
adoption mth some modiflcetiona of detail, in manj 
eehoob in the mral dutneti of the United States. 
The ecTOinpanying Fige 7260 to 7262 repreeeiit 
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the public Mbool in Ibe Rne dee Petits Hf-teli, Pari*, and the lyttem of ventilation ther^ adopted, 
aa deaeribed by Morin. The.bulldinjr oontains an detneDtary school, A A, for 400 ehildien, and ■ 
drawing tebool, B, for 270 pupjlt. The ventilation ii at the rate of 350 cab. fL an hour to each 
pn{)il, and tbe warming ie effected by two heating etovee 0, 0, with vertioal tnbea. The wanned 
sir ie mpplied to each ator; by three vertirsi obsQnels D, which diacbarge into a long wide paaege Bi 
extending the whole length of the rooma : and into this poMege external eold air can be admitted to 
regnUte the temperature. The eapply of air flows into the rooms horiiontallj nekr tlie oeiliBp, 
as shown by the arrows. 

The rooms of the drawing school B are open at night, and offer special difScomei In n 

from the lar^e number of gns-baniers in nse. The plan of abstractiDg the vitiated sir fdoea tc . 
floor cannot be eirlusivel; applied in this case, as it would cause the dlsoimirott of poming down 
air of 65° to 95° temperature npon tlie heads of the occupants. It is neceHsr^, lherafiB«, to bDow 
tbe heated gases from the combustion of the lights to esrape through the openingeF in tlieemliD£ 
but at the same time, fresh air is made to enter at the sides near the ceiling. In aooh naw. wken 
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tbe room hii no fttlioB above it tbiougb which the oatlet npenitigri in the ceilinga ciin iiacliai^e, 
■pedkl Buea nre required to be maile foi thia purpose, and these ittiiiuld be situate, aa far as possible, 
man the poiata wiiero the admiuinu of rroali air lakee piece. B]' mekna of this plan nf vcnlilalinii 
the temperature of the rouma baa bi'uD mBiutaineJ till lOo'clock at night at Tr,at a htigbt ofSfl. 
•bore the floor, and at an avemge of 75° near tbe ceiling. But before thia plan was adopted, Iheee 
temMntnTea were 80° and 91° ttapectiveljr. 

The diacharge openinga hIiodIiI be made along both of tbe lunger sidea nf the ronm, as at 
GO, Fig. 7261, and thej should be as numerous aeposBible. Their total eff<.clive oicn Hhould be 
iwihsa to limit tbo Telocity of the air passing through (bem to 2-3 ft. a second. The; communi- 
sate with deecending Fesaagea H. converging below into a main dischargi.' pag^ge K, leading to ttie 
bottom of the diecbarging shaft J. The chimnej-pipes I, from the hot-air stove C, are made to |>a9a 
np thia ahaft for the pnrpoee of asaiating tlie draught ; but a smull llrii L at the bottom of tbo oiiaft 
ii klao requisite. 

Figs. 7263, 7264, represent a plan and aecttonal elevation of a block of school buildings, and 
abow a BTstem of ventilatiim, due to Lewis W. I eeds, of New York, to which the premium wua 
awwded at the Tienna Eihibition. Leeilx' ayatcm is an atlcoipt to imitate, and where possible to 
Dtilile, the means employed in nature to promote a circulation of tlie air. He observqa that (ho sun, 
tn beating the solid objecta upon which bia raya fall, cau>iee a gentle and rrgnlar circulation of aii 
along the anrface of the gronnd. Beaaoning from thia fact, he concludea, that in a aysU m of arti- 
fldaT ventilatiim tbo imniediate object should be to warm the (olic! aubatonceB in a room, the ulti- 
mata object of wanning the air biiiig then attained in a natural manner by allowing the incoming 




enrrent to pesa over theae mbatancca. To carr; thia couolusion into eflect, he propoaea to beiit the 
floor and walls of a room, the re<iuiBite tempentture being that which the aummer sun shining on 
them would produce, that is, from 85" to 90* for the floor, and from 110° to 115'' for the walla. To 
oommnnieate and secure the necessary heat to the floor, Leeds carriea off bis vitiated air through 
Dumeroua horizontal ducta running through it. and places at inlervala in one of these ducts a steam- 
pipe, tbe topa of tbe joiuta being well cross-furred. To heat the walls, be constructs a wainscoting 
of iron, slate, or plaster upon iron laths, and places ateam-pipea behind it in the manner aliown in 
Fig. 7265. In addition to this, a sleam radiator is placed uniier each window to correct the excess of 
cold at that point. Fresh air is admitted through the aill of etch window and deflected upwards hy 
the form of Ino opening. Tlie air thus introduced mindes with the warm air ascending from tbo 
tadialor, usbown in the drawings, which are exact leproauctions, reduced, of the diagrama exhibited 
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at Tienna In 1373. Tbe meani Drovideiiror removiiig the vjtUtedairBretwoUrHa up-OMt rinAM 
centmilj placed, as thowD in the plaD. The anotion of thaw ituHa ii ptodocod by etnjiag tb« 




Binoke'plpe of the hentfng apparatus up through 

mi;, bf a ooil of Bteam-plpea or a store placed iu .^^^ »~ >•■•■ ^.ut~~ 
The adTautagea oUiiiied for this ayatem of BchoolhouaaTeiiliJatiaii an, 

t, oooBtant and onirocm clKDlatioo in evory part of tbe room, avoidaiioe of 
draughta of oold air. a constant tcmpocalnre that is praoticalljr independent 
of the opening and ahuttine of dooia, and freedom from oyordrying a poi^ 
tioa of the air. No doubt uieae adiantnges are obtained ; but the system 
doei not appear to be applicable to oiiating buildings, nor to be eoonomical 
in practice in any Ga«e. We ou^bt to obeenre that Leeds proposea to utilize 
as much as possible the heat of the sun by placing his buiUiug bo as to 
obtain the maximunj amoant of simshine in the rooms. 

T/u Venlilatiaa of Theatres and Fvblic Woo™.— The rentilation of a 
theatre is one of the moat difBoult problems that the man of acience ia 
called upon to solve. A- theatre cunsiste not of a single aportmeut perma- 
nently enclosed, like otbor assembly rooms, or of sevutal apartments pur- 
mEmently separated, as in hospitals, sohool. and other buildings, but of 
three large, open, and conligucus parts, tbe auditorium, the stage, and 
the corridors, all of nhich may at one moment be separated ono from the 
other, and the next momont plneed in communioation one willi the other 
by spacious openings. To this Srst difficulty must bo added the influence 
of the g:isligljCs, especially those near the reof, the position of thu audience 
placed in rriws one above the other, and not horizontally as in other places, 
and the continual changes that are taking place on the stage and among 
the audience. These diSlculties haro long occupied the attention of 
architects, and many phins have been proposed, aome of which have given Biirly aatiafactttfy «*'|'; 
but a plan that shall give complete satisfaction hoe yet to be dtsoovared. A deacriptiou "( " 
numerous atlempta that have been made in this direction would extend beyond the Ijiailicfii 
article like the present ; we shall therefore oonQne ouraelves to one or two cTamplfft of the mrt 
leoent practice. 
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In 1860 ft FreDoh writer, M. Tr^t, in a work entitled Le Th^tre et I'Architecte, proposed a 
mtem of Tentilation which was a few ^ears later more full j wrought out by Dr. Bonnafora, of the 
Academy of Science. Subeequently, m 1869, this system was ^opted at the New Yaadeyille 
Theatre in Paris. The lighting is by a large^ohandelier reoeosed ^to the oeiliiig, by which arrange- 
ment the space below is kept free &om the products of combustion, while tbe heat of the gas is 
utilized to draw away the vitiated air. Figs. 7266, 7267, show the drmlatMn of ihe air is tlie 
ventilatiDg flues. A is the fumaoe 

eoed beneath the floor of the build- 
: ; B the cold fresh-air ducts ; G the 
wanned fresh -air ducts discharging 
through the cornices of the stage at the 
springing of the ceiling, and at the floor 
of the boxes ; D the ducts for the 
vitiated air which is drawn down be- ^ 
hind tlie boxes and along by the floor 
of the orchestra, and &en made to 
ssoend above the ceiling by means of 
the suction of the chandelier E, to be 
discharged at F. In summer, the f^esh 

air is introduced near the top, and admitted through a frieze running 
all round the ceiling. We have in this system an exact copy of the 
circulation in the human body ; A may ho regarded as the stomach 
in which the combustion takes place ; C the srterial blood ; D the 
venous blood ; £ the heart or motive force, and F the skin, through 
which the vitiated products are eliminated by means of expiration ^ 
and perspiration. The system is in exact accordance with the teach- 
ings of science, and the experience gained at the Yaudeville showed that with proper attention it 
would be ouite adequate to the requirements of a theatre. In this case, however, it has been in part 
abandonea, partly because the necessary supervision was not provided to prevent draughts in some 
portions of the building, and partly, and probably chiefly, because complaints were made that the 
position of the chandelier was not favouraole to the display of the toilettes of the fair portion of the 
audience. 

M. Joly, whose authority in matters of ventilation is universally acknowledged, gives it as 
his opinion that the problem of adequately ventilating a theatre without causing disagreeable and 
dangerous draughts, though intricate and difficult, is not insoluble ; and he proposes means for 
accomplishing this desirable object, which we will lay before our readers. According to this 
authority, the difficulties are due mainly to two causes, the powerftd suction occasioned by the 
chandeher, and the communications existing between the corridors and the interior of the building. 
Hitherto this interior idone has been considered. This is an error that must be avoided. A theatre 
consists essentially of two concentric envelopes which, for the engineer charged with the ventilation, 
should constitute but one haU. It may be necessary to point out here some of the defects at present 
existing. 

Most persons must have remarked in every theatre a strong up-draught ascending ftom the stage 
in the form of a cone, having its apex in the chimney of the chandelier. A material proof of this 
may be had in pieces contaming a banquet scene, as in the Black Domino and Lucretia Borgia, 
for example. The flame of the candles is seen to oe violently agitated and inclined to the orchestra 
at an angle of 45°. We may conclude a priori that this draught, occasioned by a powerful heating 
apparatus placed at the base of a chimney, produces two effects, which must be counteracted at any 
cost. It carries the sound waves up to the ceiling, so that the actor's voice can be hardly heard in 
the front stalls ; it occasions a difference of from 10° to 15° between the floor and the ceiling, and 
consequently a very disagreeable draught every time a door is opened, especially at the bottom, 
whatever the temperature of the incoming air may be It may also oe remarked that the ventilation 
caused by the chandelier is of little value ; it carries off effectually the products of the combustion 
of the gas, but its action is hardly felt by the occupants of the boxes, which are open on one side 
only. Thus, though it produces a brisk current in the middle, that is, the unoccupied space of the 
theatre, it hardly operates at all upon those portions where the vitiation of the atmosphere is going 
on. Among the other defects of existing arrangements, may be mentioned a too high and irregular 
temperature, a vitiated atmosphere, contracted and inconvenient outlets, exposing the audience to 
great danger in case of fire, disagreeable and dangerous draughts through the boxes when the doors 
are opened, and an atmosphere in the green-room poisoned by the gas. 

The problem of ventilating a theatre consists essentially in maintaining at all times a tempera- 
ture of about 70° in every part of the building ; in furnishing for each person and each gas-burner 
the re<}uisite quantity of fresh air, after having warmed it in winter and cooled it in summer^ and 
in avoiding draughts, which are always disagreeable and dangerous, especially to the femmine 
portion of uie audience. 

To ensure these results, the warm air must, in winter, before the doors are opened, be sent along 
the floor at once into the portion set apart for tlie audience, the corridors, and upon the stage. 
When the public have entered, and not till then, the ventilation will be directed in the manner to be 
afterwards described ; but only through the auditorium and the green-room, the stage, the corridors, 
and the staircases need only to be warmed. In summer, ventilation is still more necessary than in 
winter, and the problem has to be solved, without complicating the floors of the lobbies and boxes 
with interminable ducts, by means which shall improve the acoustic properties of the theatre by 
diminishing the draught to the chandelier, equalize the temperature from the top to the bottom of 
the auditorium, and moderate the draughts through the doors. Aceording to M. Joly, the only 
rational plan of admitting fresh air is tluough the ceiling, and to this use the oomke lends itself 



VENTILATION. 



The vitiated sir ia eitracted Bt t bo points where It is producod, th&t i^, oloae to the bosea and it 
and Mpeoially neaz the oicheitra and pit-Qoor. thioagb gratings placed Tertioally anrand the pit- 
bozee. Joljr ia also of opiaion that the anditorlDm and toe comdots, or lobbiei, should eonititnte 
one tiapa mtca, aa far aa lentilatioD la ooucemei), and that tbo cireniation of the air tliron^ thii 



anaDgement alone will eosore equality of temperature, and an efficient Tentiladon the diieeHoD of 
which ehall be bvoarable to the sound waves. I^rge openings are indispeiiKble, as it ia a well- 
known fact that dlBtightB are diaagreeable in proportion to the narrownrae of the aperture thronKh 
which they pass. To render the above reBnlts certain, it is eepcoially nf«esa«ry, in a thetUie, to 
otHobine the suction of the iiimaces and gaslights, with the action of a mechanical Tentilator, poo- 
duoing a slight pressure outwards, and allowing the air to be drawn from any point as reqnired, ukd 
to be regnlated, warmed, or cooled. 'Iliis mcpaus has been proved by experience to be the mot 
eoonomiisl when xeij large spaces have to be ventilated : it is also the most certain means of pro- 
riding that theincomingoiirrent shall be fully eqoal to the snotion, and thereby prevent the ingieM 



of air through the stage aod open doors. Aa accessory means, the suction of ttia chandelier must be 
reduced to a minitnam by reducing the dimensions of its chimney, so that it may have only mefa 
inflnenoe on the ventilation as may be deemed desinible. The suction of the gaslights in the 
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legnlflton^detennined, and the working of the system thoroughly understood, the management 
ahonld be placed in the hands of properly-qnalified and responsible men. for without this no system 
howerer jperfeot will ever succeed. The proposed solution of the problem may be briefly summed 
njf as follows ; — Direct warming of the stage, lobbies, and staircases, and the latter to be furnished 
with double doors. Moderate warming of the auditorium from the bottom before the public are 
admitted. On the raising of the curtain, the fresh air, warmed or cooled according to tne season, 
to be admitted through Uie cornices of the ceiling. Extraction of the Titiated air at the bottom 
through gratings in risers of the floor and along the pit-boxes. Use of a mechanical ventilator 
to prevent draughts, especially in summer, and the control of the arrangements placed in properly- 
qualifled hands. 

A plan for ventilating a large theatre, proposed by Morin, and adopted at the Th^tre Lyrique 
in Pans, is shown in the accompanying Figs. 7268, 7269. A description of this plan was given oy 

72M. 

I7uatr» fyriquB^ Baerig, 




its author in a paper read before the Institute of Mechanical Engineers in 1867, from which we 
extract the following ; — 

The number of seats in this theatre is 1470. For the ventilation of the sta£;e and its depen- 
dencies, special means have to be applied by an auxiliary discharge flue above the stag^, intended 
for use when required to remove any large quantities of smoke from extensive illuminations. In 
the body of the house, where the maintenance of a constant ample ventilation is required, there 
should be a supply of fresh air of 1400 cub. ft. an hour for each person, with the means of increasing 
this in summer to 2000 cub. ft. an hour. It is important for the supply of fresh air to be obtained 
from open spaces or gardens, if possible, or else by s^ial shafts bringing the air from a point above 
the buildmgs, and far removed from the outlets of vitiated air. In the case of the theatro shown in 
the dra¥ring8, the inlet for fresh air is made in the square of the Tour £t. Jacques, by means of a 
well 11^ ft diameter, communicating b^ a tunnel A of the same area with the space underneath 
the theatre. Fig. 7268, where the warming apparatus and the mixing air-chambers are situated. 
The velocity of the current in the inlet passage A was ascertained to be 3 08 ft. a second in a 
special examination that was made some years since, and the sectional area of the passage being 
97 sq. ft., the volume of fresh air admitted amounted to SOO cub. ft. a second, which was somewhat 
in excess of the quantity that the apparatus was designed to supply. This area of inlet, however, 
has subsequently oeen allowed to be contracted considerably by the growth of ivy at the entrance. 

The admission of the fresh air to the body of the house from the main supply shafts P, P, 
Fig. 7269, takes place between the floor joists or through the false bottoms made under the floors 
of each of the rows of boxes and gallery, as shown by the arrows at B, B, Fig. 7268, the air entering 
horizontally all round the theatre through these spaces, which should not be less than 5 to 6 in. 
cleur height. The fresh nir is also admitted bv openings from about 10 ft height in the vertical 
walls on each side of the stage, and by auxiliary chtmnels under the flooring of the passages, 
intended speciallv for extra summer ventilation, and controlled by valves. For preventing the 
occurrence of unpleasant draughts upon the opening of doors into the exterior passages, these passages 
have te be warmed te a temperature of about 68°, and inlets of warm air are provided opposite the 
different doors in the passages. 

A portion of the air, on entering by the main inlet passage A, Fig. 7268, is warmed by traversing 
two sete of heating apparatus G, C, placed in the basement ; and the remainder is delivered into 
mixing chambers for r^:ulating the temperature of the air supplied in the building. Tlie area of 
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pAssage through the heating apparatus ia 97 sq. ft., and the volume of warm air supplied Is 215 onh. ft 
a second, giving a velocity of current of 2*5 ft. a second. 

The vitiated air is taken off throi^ numerous openings in the lower part of tiie sides of the 
boxes and passages, and in the risers of the steps in the gidlery, each box or pair of boxes having 
a separate discl^rgmg flue ; and the total area of these openings has to be such as to allow the 
velocity of the air not to exceed 2*3 to 2*6 ft. a second. The exhausting flues E, E, from the msrmnl 
tiers of boxes are made to rise towards the dome F above the chandelier, while those from the pit, 
orchestra, and boxes on the ground tier, are carried b^ow the floor into main flues leading to the 
vertical uiafls G, G ; and the area of these exhaiuting passages should be suoh as to give a velod^ 
of current of 3*3 to 3*9 ft. a second. In the pit and orchestra, outlet gratings should be placed all 
round the sides, and in the sides of the alr-pasBagee underneath Uie seats; these ofutlets open into 
the space left under the floor, which leads to the main exhausting shaft G on each side, this 
space being divided accordingly into two portions by the central pcurtition J. The outlet gratinn 
should not be placed in any case in the floor, as was done in this theatre, contrary to Morin's 
intention. 

The cast-iron chinmey-pipes I, I, from the heating apparatus are carried up the exhanstuig shafts G 
to aid the draught, the pipes beiDg kept isolated throughout ; and a small flre-grato H is placed at 
the bottom of each shaft, for use when extra ventilation is required in summer. The area of the 
exhausting shafts G.G, is required to be such as to give a velocity of current of 5*6 to 5'9fLa 
seconds and they snould lead, when possible, to the dome over the centre of the theatre, into 
which all the outlet flues from the upper tiers of boxes also discbarge. The general outlet shaft K 
above this dome should be built of brick, not metal, and should be carried at least 20 or 25 ft. above 
the top, its area being such as to give a velocity of current of about 6' 6 ft. a second. 

A series of experiments ou the ventilation were made on five suocessive nights in Ifay, 1863, with 
the external temperature ranging between 56^ and 74^ ; and the result obtained was that with an 
average consumption of 4 cwt. of coal a night, the removal of 166 cub. ft. of air a second was effected^ 
amounting to 1400 cub. ft an hour for each seat of the pit and orchestra. With this ventilation 
the temperature of the house can be maintained within comfortable limits ; but this extent of venti- 
lation is not actually employed, as the intended use of the two large exhausting shafts G, G, is not 
carried out The experiments made at the same time on the ventilatien of the boxes showed that 
an abstraction of 377 cub. ft. of air a second was effected bv the centre shaft over the dome, 
amounting to 1800 cub. ft. an hour for each seat The actual average ventilation for the whole 
house during the five evenings was found to be 1330 cub. ft. an hour for each seat By this uniform 
ventilation the temperature ui the different rows of seats was maintained most remarkably constant, 
the average temperatures in the first and fourth tiers being 68° and 70° respectively, when the 
external temperature was 52°; and when the latter was 70°, their temperatures were 78° and 80^ 
respectively ; in other large theatres, however, which are not so ventilated, these temperatures are 
not unfrequently as high as 95° to 105°. 

At another trial in November, 1863, when the external temperature was as low as 39°, the tem- 
peratures within the house were found to be maintained at 66^ on the stege, 71° in the orchestra 
stalls, 73° in the boxes, 74° in the gallery. 

The ventilation of the Houses of Parliament at Westminster offers a good example of a system 
suitable to buildings of that character. Ftobably in no instance have the general arrangements and 
the details been carried out with such strict regard to the object propc»ed as in the case of these 
buildings. Every existing system was examined, every authority consulted, numerous experiments 
were made, and no expense was spared, to obtain a perfect plan of ventilation. We may therefore 
regard the one finally adopted as the embodiment ot' all that was at that time known concerning 
the subject. Moreoyer, it is under the constant supervision of competent persons, and is on that 
account valuable as an illustration of what may be effucted by such means. 

The heating apparatus, consisting of immense steam4)oilers, is placed beneath the central hall. 
Steam was chosen as being more prompt in its action than water, and so enabling the temperature in 
a given place to be changed in a shorter time. The number of members present is continually 
varying, and it is therefore important that the temperature and the ventilation should be under 
immediate control. To regulate these in apcordance with the necessities of the moment, tole^phio 
communication is esteblished between the Speaker and the person in charge. The mode of lighting 
differs in the two chambers, but the warming is carried out in the same way in both. Fig. 7270 
shows a portion of the arrangement adopted. The fresh 
air is admitted on the side of the river through louvres 

A, the opening of which may be regulated in a chamber 

B. In this chamber, according to the seasons and re- 
quirements of the moment, the air passes between jeto of 
cold water thrown out as spray from a tube 0. If it be 
desired to increase the moisture of the air without cooling 
it, a divided jet is let fall from the pipe E, which jet is 
vaporized by the steam-pipe D placed beneath. In the 
next chamber, F, are the heating apparatus proper. 
These are Gumey's steam-batteries, formed of plates of 
metel 1 ft. in diameter, arranged around a steam-pipe 
at a distance of { in. apart. Their number, that is, the 
extent of surface, is calculated according to the volame 

of air to be heated. From thence the air is passed through a gauze veil, to intercept the dust and 
soot from the atmosphere. From the large chamber H it ascends through circular ducto I, and 
is distributed over the assembly chamber, into which it is admitted through gratings in the floor 
covered with matting. At the bottom of the duct I are fixed brattice-cluths, which, when the 
current is too strong, are raised so as temporarily to partially dose the entrance. To modify the 
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imporUnt qiuBtion it thought fbrw»id. ii .... 

aie bnoght into or tkken out of use in obedience to orders reoeired from the Speaker. 

The Aliated ftir Is extraeled through the MTiels of the ceiliog by the niction of b tuge fdinaee 
dtnkte »t the iMae of 4 ohimner. Ab the ordin«ry meanB of regriktiDg tbia draught fine, tod pio- 
taetiBig it bom the Infloeuoe of the yiiadj wonld have bod e. bad effect on the appeatanoe ofllie 
bnllduf^ the moke pipes wo encloead in mm toirets, designed in the Htjls of the rest of thestruo- 
tnte. The gaslights, which in both Honsee are in the ceiling, though differently arranged, sMiit 
the dmnght ot the fine in extracting the vitiated air. 

An esoeUent plan of ventilating a large meeting room is shown in Fin. 7271 to 7271, whieh 
npresent the lecture tbcs^ o( the Ovaserratoire dee Arts et Metiers at Paris. In this ease, a* 
in the TliAtre LTiiqiie, the arrangements were desigiied b; General Hoiin, and carried ont nnder 
tnDerTisloii. These amneemsnts are also ^ -"-•'-■•■■■ ■' ... 



I tnperTisloii. 
laded to. 



i also deMribad bj Moriu i 
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The ritiated air is taken off throo[ 
JRg. 7271, opening into the pasaagt 
•age 0, fig. 7272, with the diB:ha 
D by means of B fiie at the bctlotn, 



< B below the saals, whitji space mmmunlcatee b^ an ontlet pM- 
FKing shaft D. The Te<}uimte dranght is maintained in the sWt 
oampers bebg placed in the punge to moderate the onrrent 
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In mch bi^dEiin tbe ai 

_f the vitiated tit should b , . _ . , 

through the openin^n exceediog 2'3 to 2'G fL a eeoond, the 
openings being distributed aa uniformlj as poedble over tbe 
whole of the steps A, A. The Telocity of the air in tlie outlet , 
passage C should not exceed 3 ' ft. a second ; and tbe veloait; f 
in the dischargiDg abaft D should amount to <i ' 6 ft a second, I 
in order to ensure the stability of the current. 

The inlet openings F, F. for snpply of frtsh air, nhea 
■itoatad in the ceiling should have such an area as to allow the Teloolty not to eioeed I *6 fL » Mocaid ; 
in this lecture theatra, where the total quantity of air admitted teochea 170 oob. fL a Moood, the 
area of openings riightly exceeds the above proportion. When it is requisite In tneh [d«oe« tot tba 
inlet openings to be at the sides, they should be sitnnlad on two opposite aides, and m Itigh fron 
the floor as practicable. 

As the ventilation of buildings like this lecture theatre is required to be In aotkm oolj when tbm 
are occupied, whilst the warming is needed to be iu operation previonsly to their ooooiMtimt, it u 
beceesary to have the means of watming theiD by special oriScea, in addition to thoM whloll m^if 
the ventilation. For the purpose of worming, the large hot-air stove O is ,em|dimd, Pig. Ttli, 
situated under the lower end of tbe room ; and the air neaessary for combottion is supplied to it 
bom the basement through the pasBage H. The fk'esh air to be heated is admitted thronga a sepaiate 
passage I from the open courtyard adjoining, and after being heated by the stove is delivered into the 
room through the loat openings J, J, in the floor ; these are only opened during the preparatoiT 
warming of the lecture theatre while it is empty, and as soon aa it is occupied they aie okaed. A 
constant supply of hot air is maintained to the two lobbies K, K, by the openings L, L, and also by 
the openings H, H, to the laboratory N at the back of the lecture theatre : this prevents any objeo- 
tionaole draughts of oold air ooonrring whenever Uie intervening doors are opened during Um 
ocoupation of the theatre ; aad the doors being all made to open outwards, tbe tendency <J the 
entcrlog aii ih to oloee them. At the upper end of the lecture theatre a similar heating slove is 
provided, but of smaller size, for warming tho main entrance staircaaa and vestibule at that end of 
the room. 

A portion of the hot air (rom the Btove G ie 
chamber E in the roof; and in order to ens 
theatre, the mouth of tbe hot-air passairo Q is widened out to tbe fnll widtliof tneair^shaaiber ^ ai 
in the plan. Fig. 7273 ; while a hood B is placed over the oenttal inlet opening F, and acreans S, E!, 
are interposed at the two side openings, in order to prevent an undue proportion of tbe frsah warm 
air from entering the lecture Iheatro through these three nearest openings. A branch from the 
hot-air passage Q to the twosideopeningsT. T.Fig. T2T3,eQSureaa proper supply of hot air to each 
of these openings. A similar supply of hot air is introdnoed at the other end of ths roof by 

"^ - "' " ■ ■' ■ —^ -"■ 'be lecture theatre. The beoh oold air 

s U, U, Figs. 7271, 7271, and by tha 

1 me celling apertures, the thorongh mixi^ is eo ' 

>nloring the lecture tbeati«, the oriSow of^the h 
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arrangement of the hoods It and at 

of the cold and the heated air previous ti 

psasages Qsnd V being situated in aQ cases close underneath those admitting tha «dd air. By 

means of the valves U, U, the entrance of the cold air to tba nuxing chambei B ia legulalea 

according to the temperature desirud in the mixed air introduced for ventilation ; in winter this 

temperature should be about 3}° below that maintained in the leotnrs theatre, which ■bovld be 

Tlw Vtntiiuiion if Ciub-houscs. — The conditions imposed by the amngemsnts of olnb-bonsea, 
which are oomposcd of several apartments, sometimes connected, sometimes isolated, varyao greatly, 
that no system can be applicalle to any two buUdings without considerable modiflcationa. Thoa 
institutloue possess, howuvcr, several features in common whioh most be considEied In devising a 
suitable plan of ventilation. The apartments are large and lofty, and thuaoffer gnat &"'"" *" 
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the inirodaction of the fretdi air without causing unpleasant draughts ; they are also provided ¥rith 
a large number of gas-burners, and at certain times of the day they are well filled with occupants. 
The atmosphere of the dining-rooms is laden with the odours of the viands, and that of the smoking- 
rooms with the fumes of tobacco. It is obyious that to keep the atmosphere of these rooms m 
a fit state of purity, large volumes of fresh air must be admitted. This will necessitate spacious 
air-ducts, and a correspondingly powerful suction or propulsion. Mechanical ventilators have been 
applied to this class of buQdings ¥rith very satisfactory results. The Beform Club-house in London 
on^ra a very good example of this mode of ventilation ; and as the general plan is well designed, 
and the detuus carefully carried out, it may be considered as one of the best of its kind. 

The fresh air is supplied by a fan capable of throwing 11,000 cub. ft of air a minute. This 
fan, which is driven by a steam-engine of 5 horse-power, is placed in a vault in front of the 
building, and it throws the air into a spacious tunnel under the basement story of the building. 
The steam of condensation is utilized to warm the incoming air, the heat being communicated by 
the steam to three cast-iron chests of a cubical form. Each of these chests measures 8 ft. externally, 
and is divided internally into seven parallel cases, each 3 in. wide, which are separated by 
alternate passages of the same width. The fresh air from the fun passes through these passages, 
where it is heated to a temperature of about 80°, into a bricked chamber in the basement. From 
this chamber it is convened by separate ducts, provide«l with registers, to the several apartments of 
the building. The vitiated air is carried off through pipes into a brick chimney, the suction of 
which is assisted by a stove placed in the top story, and discharging its smoke into it. The 
economy of the arrangement is shown by the fact that 2 cwt. of coal is sufficient to work the 
engine for twelve hours, the power of the engine being besides available for pumping water for 
purposes of the establisnment, and raising coals to the several apartments on the upper stories. 

The Ventilation of Dwelling-houses, — The ventilation of dwellings is a question of really vital 
importance, involving as it does the health of every member of the oommuni^. And yet, strange 
as it may seem, nothing in the construction of houses is so little thought of. No expense is spared 
in ornamental details : every care is taken to provide an abundant supply of lignt and water ; 
judgment is exercised in the choice of a site that shall be at once cheerful and wholesome ; but that 
which is of still greater importance, namely, the removal of the vitiated air from the rooms, and the 
fiiapply of pure air in a way that snail be neither disagreeable or dangerous, is either not thought of 
at all, or the cost is grudgingly edlowed. This question of house ventilation is of specixd importance 
to the females of a community, since nearly the whole of their lives is passed within doors. 
But to any thinking person the gravity of the subject is obvious, and need not therefore be 
enlarged upon. 

It is seldom that a complete system of ventilation is applied to a dwelling-house, even when the 
yentilation is provided for. Usually in each room there is an opening communicating with the outer 
air, either directly or through a duct, in Uie length of which means are provided for warming the 
passing current, and the fresh air admitted tlm>ugh this opening is left to escape through the 
chimney. This system, if it deserve the name of system, is both pernicious and inefficient. It 
occasions unpleasant draughts, and under the most favourable conditions it promotes an unequal 
circulation. But if we consider that for several months in the year there is no fire in the room to 
produce the requisite suction, and that frequently in the bed-rooms a fire is never lit, we shall at 
once see that any system of ventilation by single rooms must necessarily be totally inadequate 
to the requirements of a dwelling. An efficient system will therefore embrace the whole house, 
and only such is worthy of consideration. It has oeen urged that the difficulties attending such a 
system are too great to render its adoption practicable. Prejudice against novelty lies, however, at 
the root of this objection. That the difficulties are more apparent man real is proved by the suc- 
cess which has attended the introduction of a complete system in certain instances, some of which 
systems we propose to describe. 

One of the most simple and efficient is that due to Dris. Drysdale and Hayward. These gentle- 
men provide an up-cast shaft to carry off the vitiated air from the whole house, and employ the waste 
heat of the kitchen fire to produce the requisite suction. The adV!antage8 of this are that the suc- 
tion is kept in constant operation without the attention of any person in charge, and the cost of 
producing it is nil. The air is warmed before being admitted, and the apertures both for admission 
and extraction are near the ceiling. A central hall is provided, into which the warmed fresh air is 
conveyed. The air-ducts for each room draw their supply from this central hall, into which all the 
rooms open. By this means a cold draught is prevented when the doors are opened. The vitiated 
air escapes through a zinc pipe in or near the ceiling, and is conveyed by fines in the wall up to a 
foul-air chamber under the roof. This foul-air chamber consists of a zinc drum 6 ft. in diameter 
by 5 ft high, into which the foul-air fines open at the same leveL A discharge pipe, so placed 
as to draw equallv fix>m all the flues, leads from this chamber down to below the Idtchen fire-place, 
and up behind the fire to the up-cast in the kitchen chimney-stack. The authors of this plan of 
yentilation have fully explained their views in a valuable little work entitled Health in Comfort 
in House Building, from which we extract the following description of a dwelling-house constructed 
by them in accordance with their system. 

^ The house, plans and section of which are shown in Figs. 7275 to 7277, consists of base** 
ment, ^und floor, and first, second, and third fioors. The basement is devoted principally to the 
collecting and warming of the fresh air. On the ground fioor are the cellars, a ball-room, two pro- 
fessional rooms, a gentlemen's cloak-room and water-closets, and the main entrance, with vestibule 
and stairs' lobby, and servants' entrance and lobby. The first floor is the living-floor. On this is a 
drawing-room, with ladies' dressing-room and water-closet ; a dining-room, with china closet ; and 
a kitchen, with cook's pantry, larder, scullery, and butler's pantry. TJie second fioor consists of the 
family bed-rooms, four in number, with breakfast-room, housemaid's closet, bath-room, and water- 
closet ; and the third floor, of the servants' bed-rooms, also four in number, with children's play- 
room, store-room, and two water-cistern rooms. Above this, beneath the ridge of the roof, is the 
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lloiil.«ir ohsmber F, Into whioh the vltiftted sir of iH the rotmu of the lunue ii eolleoted, and from 
whteh It ia dnmt bv the Mtoben Are b; mMaa of a down-eait C, paaBine down to the gTomid flow, 
ftnd than oecending behind the kitoheu flra D, Mid up the chitnnej lonnd the imake-flae. 

" The nriiidnT part of the hotiae eotiaiete of a boat and baoh bloc^ eaoh about 33 fL b; 80 ft^ 



flobeal^ night AtitantHih end it la ihnt off from the main stairoaae, revtibnle, uid front entraaoe 
y veitibnle doont Oat of this lobby open M the principal room* <rf tlie honae. The fnmt 
entranoe, nith the veetibole and main staircase, 12 ft. wide, are placed, not in the centre, hot at the 
north end of the bouge. The main ilaiioase rens between the veatibnle in ftont and the kitobeiK. 
•tiin bohiiid, end i»U^ted by a skyligbL The serranti' entrance and lobby an from the aoDtla, 




behind tbo venUlating lobby, and the servants' stairs run up between the main atntrtaae in fKmt «nd 
the kitchen behind. By this artangemeTit there is au I'aay approach from tbo kitchen to the diniag 
and drawing rooms, and to both tiie frout and Die side door ; uid the lobby into which opptis tlie 
door that lets in the oold air by being frequpntlj opened, ib shot off from that out of which the 
liTing-rooms open, which could not bo if the entmnce were in the middle of the front. 

" The oentral corridor is an casentiaJ pert of the house. It serves, of coarse, as lobbies to the 
KOna on eueh fiotv ; on the ground floor it serves deo as a mneeam, and between the dining and 
drawing rooms it serves as a bagatelle-room and pioture-gallpry ; and bj the introduction of gtatings 
into the ceiling and floor of each atory, it aJso serves as an open corridor from basument to attiea. 

" Along the centre of the ceiling of each slotr of the central corridor is nn omnmental latiiee- 
work,2ft.wide, andalongeaeh side of the floor above is an iron giatiagl n. wide. TheseaUowtha 
warmed air to Bac«nd from the lobby beneath to the lobby above ; but the floors check it for the 



VENTILATION. 



■apply o1 
loniid tb< 




" The iuoomiDg air is warmed 
I7 a bot-nter epparatna fixed in 
the baaenwDt of Ihs rtain' lobby. 
The flow-pipe it carried 
nm one length of the l 
lobby; it U then brought down, 
■iid rim once along the piotnre- 
g&Iler;, after whioh it is brought 
down (o beneath the Becondur; 
hilct B, or the opening in the 
ceiling of the buement of the 
eentnU lobby, which it covers, 
ninaiag backwards and forwards 
tlie whole length ten timet; the 
Fresh air enters into the lower 
partof this basement, and, rioDg, 
IS warmed by the heated pipes , 
i( then paasija through into the 
lobby of the ground fiooi. and 
Ihenoe into the lobbieti of the 
flrot, second and third floors, so 
that the central oomdor is filled 
from the grannd floor to the atlaos 
with warmed fresh air Above 
the attic floor, this comiior is con- 
tinued to the alatea, and made 
into an air-tight ahambei under 
the ridge of tbo roof, to receive 
the outlets of the vitiBted-air flnea 
from the different rooms of the 
house Out of this central 
ridor aU tlie prm(,tpal tooma 
"■"' lut of it thoy teoeive 
y of fresh air. The co 
[ the ceiling of this corridor, 
and that of eadi of the rooms 
opening out of it, boa a hkttice 
eentralenricluneiil7in.deep,aiid 
the wsJl between these two cor- 
nices is perforated by as many T in by 5 in. openings as the joists will allow, BO that the freah a!c 
has a free passage &om the corridor mlo the rooms, even when the doors ore shut The drawing- 
room bos nineteen of these openings, aSbrdmg an inlet of fresh air of more than 4} sq ft dislnbalM 
along the whole length of the wall on the side of the room opposite the fire-place. The dining-ioom 
baa flfteen openings, atKirdiug an inlet of considerably over 3^ ft. Over the gaselier in the centre 
of the ceiling of each room is a perforated ornament covering an opening 9 in, sqoare into a zino 
tQb«^ A A in the plan, 9 in. by 4^ in., aflnrding an outlet for the vitiated air of 40 eq. in. This zino 
tube goes along between the joists of the ceiling into a floe of the same dimensiond In the thicknesa 
of the wall, between the corridor and the room above, where it is provided with a regolating valve. 
This flue discharges into the foul-air chamber : there is a similar fine from the cloak-room, dressittg- 
rootn, breokbsl-rooni, bath-room, kitebeo, the hall-lamp, and from all the water-closets. All of these 
flnee open separately into the fonl-aii chamber. Ont of the north end of this ahamber goes a brick 
Sue or shaft, the down-cast G taken from the back staircase. This down-cast outlet shaft goes 
■tiBigbt down to below the first floor, and then eroeees eastward and rises np behind the kitchen 
flie-piace, where it is flat, 6 ft. by 1 ft. ; it is then collected into a nearly sqnaie shaft, 32 in. by 
26 in. Up the centre of this shaft ram a dronlar earthenware smoke-flue from the kitchen fire, 
18^ in. outside dismeter, leaving a fonl-air shaft, the up-cast, sorrounding the smoke-flue. These 
tocher form a large chimney-atack, whioh is oanied np to a greater height than any other chimney 
of the hotue^" 

Thia system is a trnlj scienttBo and rational one. It Is extremely nmple and eoonomical ; it is 
(xntinDoos in its action, and operates by night as well as by day, in summer and in winter, and it 
does not require any attention. No doubt such a system is beyond the reach of many; but it 
might be modified to suit less favourable conditions than those to which its authors were subjected. 
It shows at least that a porfeot ventilation, combined with a proper warming of the atmoapheie of a 
room, is not an impoeaihility. 

Another mode of venti^ting a whole house by a single apparatus, dne to Dr. Orisoom, of New 
York, is shown in Fig. 7276. It consists in utilixicg the smoke-flne of the healing apparatus to pro- 
duce the suction neceesary to draw away the vitiated air tlirough supplementary flues oontignoas to 
the heated-air fines. As repreesnted in the flgoie, each hot-air fine enters at the bottom of the 
room, at the points 1 and 2, for instance ; while, for the esoape of the vitiated air, openings regu- 
latable by a Aiding cover, are provided near the oeiUnga, as A, B, ; suction through these open- 
ings being {wodnced by the column of hot air in the fluea which mn np to the ventilator V in the 
ro^, and iootease in size at each story. If single fines are employed to renew the air of a room, 
the ail whioh they contain may be colder or heavier than that of the nxMU, and oonsMneDtly maj 
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^odnoo Ha efTeot ocntrBrr to that deuied. The adTuitagea of Dr. Giiiootii'i Bjntem ue. Hat it 

Srotidee at all times an efflcieiit suction, U independent for every room in the boiue, operate* during 
le night by the Bocumnl&tad heat of the apparatos, and acta in anmmer b^ merely opening only 
thoie openinga wliich ere provided for the eitraotion of the vitiated air. This ayBtam, either in ita 
complete or in a modified form, has been mnoh employed in Amerioa, and is very generailj 
applioable. 





A third method of Teotilatitm, described br Joly, ia represented in Fig. 7279. Tbia method, 
which may be adopted witb advantage in certain cnaes where the form of uie bnilding will ^mit 
of the flaea being arranged in the manner ahown in the flgnre, conBists in coiploTJng tba heatiw 
apparatus both in aummer and in winter for the aoppl^ of ftesh air. In winter the healed air «^ 
be admitled through the lateral openings A. and the vitiated air exttacted through the oponion 3, 
or np the chimney of tbe apartment if it have a fire in it. In aummec the freati air ia »'<mitf^ 
through the same openings A, and extracted through the openinga B by the auction of a ipecia] 
heating apparatua placed in tho basement at 0. When aeveral stories have to he ventilated, piovi- 
aion must be made by registers and valvea that the vitiated air from one story do not escape into 
the next. This system may be modified in numerous veys to suit the conditions of a given case. 
Tike same may, indeed, be said of all the systems we have desoribed. It would bo beyond the Kope 
of an article like the present lopoint out uie various modifications that each is rasc^tible of, even 
if it were possihlo to do ao. Tneae modifications are as nnmerons as the oircarDStancea that may 
arise, and they must be left to the knowledge and ekill of the person to whom tlw deaign it 
entnistad. 

In large mansions the ventilation of the reception-room demands special attention. Bem, at 
certain times, especially when need as a bait-room, a large number of persons sue assembled, wboM < 
bodies, aided by the numerous gas-jots, heat and vitiate the atanosphere in an nnusual degree. 
The ventilation arrangements in these upartmonts should therefore be capable of admitUng large e 
Tolomes of fresh air. But a grave dilliculty in thsso arrangements arises from the heated Ht*te of "% 
the persons present, and especially from tho character of the ladies' dress, which ratder it .^ 
necessary lo admit the air with a very low velocity, as dmughts iu such ciroumstonoea are in jci 
the highest degree dangerous. Thus a primary condition in the ventilation of snoh room* is that^V^ 

the apertures or admission should afford a largo area for the incoming current. It is alao indiqien .m 

sable ttiat these apertures shouKl bo widely distributed, and situate as far as possible frma the ocen — .m' 
panta of the room. The warming of the freah air previous to admission is, in these cmms, a mattei^ =^ 
of the highest importance. It is, indeed, an obvions fact that tbe passage of Urge Tohmue of ealiE-^.i 
air throngh the room at such times would cnuao great discomfort and serious danger. To prevuiV'.^ 
this, in spite of the continunl oponiag aad shutting of the doors, ie a problem extramely dimoolt ot-^c 
solution. The plan of a central corridor, arranged as in Drs. Drysdale and Hayword's ayatem, wonlc:^ 
meet the eiigenoies of tho case best, but architectural and other reasons will fceqaeotly render tb^^.- - 
adoption of such a plan impossible. ^^ 

When, as is often the qisd, neither the floor nor the ceiling ia available for the pnrpose, the fieat^^B 
air must be introductd either through pilastera against the walls, having tbe aperture direcl*^^^ 
towards the ceiling, or through Che comicea provided with numerous openings tamed in the Bam^^v 

dirMtion. A plan of ventilating such rooms, adapted by Joly to several Parisian anfoiu, iireplft 

aented in Fig. 7280. The fresh-air dut-t enlora from an adjoining room A, or it maybe &can a lowc^- 
story; after traversing the wall, it is divided into two portioni, whioli tun in oppceite dircctiaaK 
ns B, 0, D. Were the inlet not arranged in this manner, the whole of the air would enter at A, and 
cause a draught at that part without ventilating every port of tlie room. The vitiated air i« 
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eztraoted thrcmgh perforated openings on the opposite side of the room by means of the suction of 
a ftimace or a mechanical ventilator. Two thermometers, one placed in tb 



the fresh-air duct, and the 
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other in the fonl-air duct, should be employed to show the temperature of the air as it enters and 
M it issues. The vitiated air may also be extracted through the smoke-flue of the fire-place by 
mtans of a portable stove, or, better still, bv jets of gas in the flue, fixed specially for reception 
dayg. In such cases the air must be allowed free access to the chimney, all obstructions, such as are 
freqQently used as ornament, being removed out of the wav. To carry away the hot vitiated air 
fixnn the gaselier, a flue F F is provided, which runs along between two joists in the floor above, 
and discharges into a chimney. 

The systems we have described can be applied in their entirety to houses only at the time of 
their erection. Sometimes one of them may, with considerable modiflcation, be adapted to an 
existing building; but usually the plan of ventilation which the exigencies of a building, con- 
atruoted without any regard to such sanitary armngements, necessitate, is merely a palliative one. 
Frequently little more can be done than to provide openings for the admission of fresh air in the 
upper fhuning of windows and doors. Such openings should always be directed towards the ceiling, 
for the purpose of distiibuting the air and avoidine draughts, and they nhould be fumi^ed with a 
slide to regulate the incoming current. If means oe provided for warming the air that enters over 
the door, these openings should alone be used in winter. With such an arrangement, the system 
of ventilation may be a fairly efficient one, and in many cases a little skill only is n^ed to con- 
trive it. It is best to warm the air of the hall or passage from which the fresh air is admitted, 
because the discomfort of suddenly letting into the room large volumes of cold air bv opening the 
door is thereby avoided. But when this is not practicable, warm air may sometimes be brought to 
the inlet aperture by means of a pipe. To allow the vitiated air to escape freely, the chimneys 
should be kept open when there is no fire, and, whenever possible, outlets should be provided in tne 
oeiUng or in the angles of the cornices. If these outlets can be placed in communication with the 
kitclien chimney, the efficiency of the ventilation will be greatly increased. 

The ventilation of the bed-rooms presents the greatest difficulty, and is perhaps the most impor- 
tant. During the day-time, when the rooms are empty, the suction of the smoke-fiues from, the 
rooms beneath produces an active circulation ; but at night, when the rooms are occupied, the fires 
below being extinguished, the circulation ceases. This happens even where a fairly complete system 
of ventilation is carried out, and the foul-air flues are in communication with the smoke-flue of a 
special heating apparatus, because the flres cannot be attended to at night. The consequence is 
that the atmosphere of sleeping apartments gets into a highly vitiated state. This can be readily 
detegted by the smell which, from the above-mentioned causes, is peculiar to bed-rooms. There is 
no doubt but that serious injury to health, especially with children, is occasioned by this absence of 
ventilation at night It would conduce to economy by avoiding sickness to keep a Gie burning the 
mater part of the night for the sole purpose of promoting a circulation of air in the bed-rooms. 
For this purpose coke might be emploved, which is cheap, and will bum for a long time without 
attention. In towns, where gas is available, a burner placed so as to be capable of being turned up 
the chimney will efiect all that is desired. 

In every system applied to dwelling-houses, summer ventilation should be provided for. During 
five monthein the year the sitting-rooms are without a fire in them, and consequently tbe suction 
of the smoke-flues is not in operation. If this alone be relied on to produce a circulation of air, we 
shall have stagnation during a large portion of the year, and at that season when it is most likely 
to cause the greatest injury to health. It is true that during the hot weather the windows and 
doors are freely opened. But they are not left open all the day, and in dull, wet weather, whatever 
the season may be, they are kept tightly clos»l. To remedy this defect, the vitiated-air ducts 
should, whenever possible, be made to communicate with the kitchen chimney, in which there is a 
fire at all times. At the time of the erection of a building there will be little difficulty in carrying 
out such an arrangement, and very frequently, in the case of existing houses, it may be readily 
applied by making use of iron pipes flxed in convenient situations. Water-closets, wash-houses, 
and the kitchen itself, should always be ventilated by the kitchen fire, since for these offices a con- 
stant and vigorous suction is indispensable. The situation and construction of the kitchen chimney 
are thus matters of considerable importance. The vitiated air should not be extracted through the 
smoke-flue, not even from the kitchen itself ; but there should be special flues provided, heated by 
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tiie smoke-flue. When tbere u but one nJi-flae, it maj mrroimd the Bmoke-flns in the muinei 
draoribed in treating of the ventilatioa or St. Thomu's Uospitol ; bat It ia better to proride Beienl 
flues, ooeofwliich ebonld be devoted excliuively to tbeTentilatlonof thowBter-cloaets.uidaiioUier 
to Uie ventilation of the kitoben. These fines may be conatiuoted in WTerel waya ; Fig. 7S81 shmra 
one arrangemeQt glTing two aii-fluea, and Fig. 7282 anotbsi by wbiob fbnr an obtaised. If tbe 





vitiated-air ducts from the different rooniB in the bouse be placed in eommtuiioeition with those floES, 
it is evident that an adequate Tentitation will be maintained at all times without the oott of special 
fliee. We cannot too strongly insist on tlie neceeeity of putting all the water-doMti ill oonunimicK- 
tion with one of these flues, nhicb, se we have already said, should be nted excliui*dy for that 
purpose. Only by such a proTision can tlie dangemus effluvia from these places be conndetdT t"^ 
certainly removed. It is Important tliat the kitchen chimnoy-stsck wiUi the fool-air miea should 
be carried up to a greater height than the other chimneys of the house, as otlierwite the down- 
draughts through the latter in snmmer might cany the foul air back into the rooms. 

Id Ventilating a kitcbon, more perhaps than any oilier apartmeot. It is necessary to provide an 
abundant supply of fresh air previously warmed by being p^aed behind the fire-place. If the air 
be admitted cold, the servants will ctrtainly oloee the apertures, and Bo destroy the ventilatioa. 
The closing of the inlet apertures may even change tlie np-eaat foul-air flue into a down-cast when 
the Are is very active, a, ciroumstanee that would cause the contents of all the other fines to descend 
into the MtaheQ. Fur the admission of the fresh air in sommer, opeoings over the windowa provided 
with a sliding cover will be snffldent. 

There remains another means of eitrecting the vitiated air from an apartment that we have not 
yet noticed. The combustion of gas heats and vitiates tlie atmosphere of a room in a high degreev 
and it has been found necessary to provide an immediate means of exit fnt the burned air. As the 
gas-burner is, iu most cases, pendent from the ceiling, the opening for this purpose is made in the 
centre of the ceiling directly over the burner. Tliia opening is in communication with a passage 
or Sue, which conveys the products of oombngtion into the external atmosphere. It is obvious 
that this fine may be made available for the discharge of the whole of tlie vitiated air &om the 
apartment, and snch in fact is frequently done. In London especially, entrance-lialla, shopa, eating- 
honaes, oinbs, reading-rooms, and public buildings, are lighted hy a form of gaa-bumer known 
AS the Eun-bumer, and in all these cases veutilation is provided for by means of this bnriMr. 
The earliest gaselier of this kind consisted of a circle of ordinarv butterfly or flah>taU bometa bong 
beneath a metnllic reflector, into which opened the ex traction-flue for the burned gasea. The flnt 
objection to this was the shadow tlirown bj the reflector according to the height at which it was 
placed. This was remedied by giving the apparatus the form shown in Fig. 7263, which is still in 
oommoD use. The second objection was 
the down-draught of oold air, which dis- 
turbed and sometimes eitinguisbcd the 
jets. To obvittlo this a valve was provided, 
which cloded ttie eitraclion-flue at the same 
time as the gas-cock, and the top of the 
eitraction-llue was protected &om the wind 
by a cowl or a similar covering. In the 
accompauying figure the fine is vertical; 
the upper portion near the ceiling is per- 
forated to admit the vitiated air of the 
apartment. When the burner is recessed 
into the ceiling, it is surmounted by au 
Iron dome, perforated to allow the bumed 
air to pass through. Fig. 7281 represents a 
form very exlenxively employed in London 
hotels and shops. The gas-pipe descends 
inside, and the vitiated air is carried oflT 
through the bottom and top of the burner. 
The extraction-fine in this case is hori- 
zontal, and is carried alung within the 
thickness of the floor above to a chimney. 
This is a mooli better arrangement, as It 
plaois the extiaction-fiue under the influ- 
ence of the suction of the chimney. In 
tlie case of a dwelling-room, this chimney 
shonld be one in which there is a constant Are, if the gas-flue is the only one provided for the mmp« 
of the vitiated air, othernise the ventilation will in a great measure cease when the gaa is eitiD- 
guished. The utilizntion of the gas-flnes has only recently been seriously considered, and it and 
be acknowledged that it is yet in a tentative state. 

The Venlilution of flarrach nnrf Fiisnnt. — In the taiiitary ftrmnsemeDts of barraaka, ventiUtii« 
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In the cellars beneath 



7285. 



should occupy the foremost place. Here we Iiavo a hirge number of men congregated, and at night 
thickly Gtowded into small sleeping apartments. The rooms are usually badly lighted and sparely 
provided with fire-places. The water-closets and urinals are generally in a filthy state, polluting 
the air with effluvia of a dangerous character, and even the badly-constructed joints in the paving of 
the courtyards are filled with decaying organic matters. Moreover, the supply of water is never very 
abundant and the use of it is more limiteid still. The ablutions of a private soldier seldom extend 
beyond his face and hands, tlie brightness of his weapons being consiaered by his superiors of more 
importaDoe than the cleanliness of his body. These caases lend to the frequent outbreak of viru- 
lent diseases, and it is incumbent on all who have authority over the sanitary regulations to render 
the causes inoperative by providing an efficient ventilation. It is not necessary that we should 
give an example of a system applicable to barracks. The conditions vary so much that it is hardly 
powible to devise a plan that shall be suitable to all cases ; circumstances will determine the most 
ntting arrangements. If the principles we have discussed be borne in mind, the foregoing illus- 
trations will be amply sufficient to enable the sanitary engineer to design a system tliat i£all be 
applicable to a given case. 

The ventilation of prisons requires a system similar in its general arrangements to that in use 
in hospitals. The first important application of the plan of admitting the fresh air at the top of 
the room and extracting it at the bottom was applied to the model prison at Pentonville, and pub- 
lished in 1844 by Major Webb. The objects proposed were — 1, to provide each prisoner with a 
sufficient quantity of cold or warm fresh air without causing a draught; 2, to effect the displace- 
ment of an equal quantity of vitiated air ; and 3, to avoid all communication between the prisoners 
by the transmission of sound. 

The system adopted to attain those objects is shown in Fig. 7285. 
the building are placed boilers, from which 
hot-water pipes run beneath the fioors und 
passages of the ground story. From thence, 
sepamte warm-air ducts for each cell run 
up to a grating in the ceiling beyond the 
reach of the occupants. On the opposite 
side of the cell near the floor is the aperture 
for the escape of the vitiated air, which 
aperture is in communication with a sepi- 
rate flue through which the air is conveyed 
up to a collector beneath the roof. Here 
the fires of the establishment are utilized 
to give the requisite suction, and special 
stoves provided for use when occasion re- 
quires it. The same system has been ap- 
plied to the prison of Mazas in Paris. 

Warming. — The human body is a furnace, 
in whidi combustion is constantly going on. 
This combustion is the sole source of heat 
to the body. It is altogether erroneous to 
suppose ihaX we derive heat from the me- 
dium in which we are placed. On the con- 
trary, the medium, being at a lower tempe- 
rature than our bodies, abstracts heat from 
them. When we enter from a cold atmo- 
sphere into a warm room, we ore apt to 
think that our bodies are absorbing heat 
from the warm air of the room. But if we 
refieot that the temperature of the human J^ 
body in health is always about 100°, 
whether the climate be frozen or tropical, and that the temperature of a room is always consider- 
ably less than 100°, we shall at once see that the warm atmosphere of the room must abstract heat 
from our bodies as the cold external atmosphere did ; the only difference is that one abstracts it 
much more rapidly than the other. It is the sudden reduction of the rate of abstraction that causes 
the sensation of warmth. When the air in contact with the body is at a low temperature, it 
abstracts beat rapidly, and thereby causes a sensation of cold, and it is to reduce the rate of abstrac- 
tion that it becomes necessary to warm the air in winter, and to increase the quantity of clothing. 
The combustion above alluded to is at all times sufficient to produce an excess of heat. If the 
temperature of the atmosphere is at 100°, it is incapable of abstracting any, and in such a case, even 
when sitting still, the heat is intolerable. Consequently the temperature of the atmosphere of a 
dwelling-room should be such as to allow the abstraction of the excess and no more ; for if it 
abstract more, we feel cold, and if less, we are uncomfortably warm. This temperature has been 
found to be from 63° to 66°, and it is to maintain this temperature that the various systems of 
warming are employed. The maintenance of a due degree of warmth is as necessary to health as 
an efficient ventilation, and it should therefore be considered in conjunction with the latter. 

In treating of ventilation, we described the various modes of warming the air before admitting 
it into the room, and as the whole question of warming lies in this, it only remains for us to describe 
the several kinds of apparatus by means of which the warming is effected. These apparatus may 
be classed under the heads of the grate, the stove, gas, steam, and hot water. 

The grate is so well known that it needs no description. It is by far the most wasteful of fuel. 
Or. Amott calculated that not more than one-eighth part of the heat generated was thrown out into 
the room, the rest being carried up the chimney. Notwithstanding its wasteful character, it is by 
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br the gie&teat favourite in EnsUnd. Thla in dne to ita air of obeerfnlDeBB imd oamTort, u>d 
its powei of ooQcentreting; the whole family in one aooiBl trirole, a power that hu renderod the 
fireside almost an object ot wonbip. Tliera is, howsTer, a tiabilitj to err in reipeot to the qneatJOD 
of waste heat When discusaiiig the merita of the Bereral kinds of flre-plaoea, it la cnslcMDan to 
epeek of the heat which escapes from a grate np the chimnoj as representing ao mooh Imi abao- 



Tbenfere 

the heat which escapee ialo the chimney. Instead uf boiog oooaidered as waata, sboold be regatded 
as ao mnch motive p^wer ueceeBBTy to veotilBtioQ. There is no donU, howerer, tliat the power thus 
affi»ded is greatly in ezoeea of what is needed, and for this naaoo gratea must be oonidderod aa 
Tery wasteful of fuel. Numerous attempts liaye been made to improve them in thia respect, aotna 
of which have been fairly successful. 

When a fire is kindled in a flre-plaoe, the beat produned by the rambustioD ia diTided into two 
parts, one of which is utilized to wum the apartment — 1, by radiation ; 2, by the reflection of the 
rays from the surfaces of the flre-plaoe ; and 3, by the not-air chamber when there ia one, which 
hMt is sometimes called beat of trausmisdon ; while the other part passes into the smrfte-floe, where 
it serves the two important purposes of ridding the room of tbe products of cumbnatiim and of pro- 



moting ventilation. These latter .purposes every kind of flre-plaoe must efSciently aooom, 
objeo^m which lies against tbe open grate is that too much of its heat, often as large a pnnxirtioa 
as 90 per cent., ia turned to (bis account. Now, n sulBclelit draught is produced to effect the pur' 



poaeamdicated above if (hero is a difference of temperature of 25 or 80 per cent between thecdnmn 
of air in the chimney and that of the external air. - But as it is frequently neoeeaary to prodnoe a 
stronger suction than would result from this difference of temperature In order to rednce the sectional 
area of the inlet air-ducts, we may assume that there sbonld be a diflTerence of 40 per oent. As 
only about ID per oent. of the beet produced is utilized in the room by direct and indirect radfatioD, 
we see at once (bat a large proportion is absolute waste. To remedy this costly defect of tbe i^MO 
fire there Eire two means available, namely, a more effective arrangement of the radiating mirfaoa^ 
and a fuller utilization of what we have designated ss the heat of transmission. One improvement 
oonsists in diminishing tbe quantity of metal in contact with the flie : for as iron ii an exoellent 
conductor of heat, it passee the heat into the wall as fast as it is generated, a fact that ia teodersd 
dearly apparent by the surface of tbe coals in contact with the iron being always black, "nut im- 
provement is effected by forming the back and aides of fire-bricks. The form of the gr«t« i« al«i 
deserving of attention. The object being to present a large surface of glowing heat at the frmt, 
the grate should be made long and deep in propurlion to its width from front to back. Thia prin- 
ciple mnst, however, not be carried too far. or the etnitum of ooal will be so rednced in tfaidtneM at 
to bam impctfectly. Another important matter is the ebiipe of thu chimney-mouth or itoem above 
tlie grate. If the sides are square with the back, it ia evident that no portion of the haat Idling 
npon them can be thrown out into the room. To render this heat available, the aidea, or corinn aa 
thoT are technieslly termed, should make an angle of aliout 130° with tbe baok. Uaually UMae 
covings are made of curved iron, and poliuhed to reflect tlie heat; as, however, they ipeadily beooow 
covered with soot, it is doubtful whether they utilizo the Leal falling upon them to the degree that 
bricks would do. The conductivity of tbe metal tranHmits tlie beat Jo the wall behind, where it 
Hcrves no useful purpose, but bricks would radiate it nhuu they became sufficiently heated. Much 
depends also on tbe dimensions of the cbimney-tluoat, wluch should be just sufficient to allow a 
passage for the burned and vitiated air and the smoke, and ao more ; for if larger dimenaions be 
given it, the warmed air of ttfe room will be carried away too rapidly. To regnlate the siae of this 
opening is the object of the register in the regiBtcr-^^te. All tlie numerous forms of grate recently 
introduced havo been constructed on these principles. We shall not attempt tbe endleai and 
unproStablu task of describing all these now inventions, but will content ourselves with inavly 
directing utteution to one form in which the fnel. instead of being placed on tbe top of the Are, is 
Buppliea to it from below. The chief advantage of this system is that combustion is complete, the 
smoke being wholly consumed by tlie glowing mesa of coals above,' through wbioh it is foroed to 
pass, fiy Uiis means fuel is economized, and the outside atmosphere is rid of one paIlutiDg-= 

The utilization of the oxecsa of heat, which, in spite of ttti. 

every improvement effected in the grate and the chimney- 
mouth, will pass up the cbimuey. offers the most pro- 
mising fleld to inventive genius. We have alr^y 
deaoribed incidentally tbe various modes of employing V , 
this heat to worm the air previous to admission, and ao 
far such systems are satistiiclory. But aa this oxoeaa of 
heat is always large, more of it might be made available 
for radiation into the room by passing it through one or 
more convolutions of passage behind the cbimney-piecc, 
or in some other position, oefore admitting it into the 
chimney. An eioollent plan of effecting this has been 
proposed by Joly, and is shown in Fig. 726C, which we 
take as an illnstrutlon of what may be accomplished in 
this way. 

When the flro is first tit the damper C is opened, and 
the smoke allowed to pass directly up into tberhimney A. 
But as soon as the draught ia well established, the damper 
is closed, and the burned air and amoke made to pass 
down behind the chimnoy-jambs. beneath the bcortti. 
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a oontact with tbe flne, as ahown at B. 



_, _. . . a is generally nniJerBtood an encloeofe of metal, brick, or earthenwnre 

a oontaiD a flra, and placed away fioiu the wall of the room. Tfaoncfa the open fire 



contitiDeB lo be in faTOur in Eneland, in other countriea, especiAlly where fuel ia 
•tOTe U in almost uaiversal hm. Fur limply warming an apailment, the itore pOBSesBea an enor- 
motu admatage over the grate, ionsmnph aa it utillzea from 80 to 00 per oent. of the fiieL But it 
mnat be borne iu mind that thii economy ia porchaaed at the ooat of lentilation. Aa a writer hag 
well ntnarksd, nothing U fasier than to warm a cloaa aparlment. Shut a man in it, and aapply him 
wiA food, *ndhia body will bea store lufflcient to wurm the atmosphere, the onlydrawbai^ lo thi« 
method boing that the man'e death fh>m suffocation will only be a question of time. A similar 
objection Ifo against the store ; it tends to promote suflbcation. Other objections are, its liability 
to MCMne ore^eated, and to bom the air, and its want of the cheerful aspect posacased by the open 
tin. The nnwholesoraeneBS of the stoye has, however, been rumoTed to a very great extent. 
If due prseantiona are taken to carry off the noiious products of combustion and to preTSUt 
the anrnccfl from be<wming overheated, tbe stove may be made to do oseful service, both iu 
wanning and in ventilating an aportiaeiit. The coodilioDg which must be fulfilled in tbe oon- 
■tmction of a stove to render it both wbolesome ami efficient are tbe roUowing i— The fire-box most 
poaesi dimensions proportionate to tbe heating surface, and be so arranged tluit no portion of the 
■nrftoe in contact with the air may be overheated. The anioke-posaage must be unobstmoted, and 
of a diameter proportionate to the Bre-box and the degree of vaatilation which it is required t 
prodooe, and an evaporating sorface must be piovided to tnaintain a proper degree of m~'~' 
atmoapherr 



The numeions inventions of recent yea: 



'e oil been attempta to realise these conditions. The 



it in aeveial casings, by which means the heating aiirface !a increased. Tlio earliest suooessfnl 
atteotpt to improve the stove, and render it nholesome, was made in 1S55 by Dr. Amott. The 
AmoK stove, shown in section in Fig. 7287, has served aa a model for 8ubse<jnent inventora, who 
have done little more than improve the details oritsarrangenient. The feed-dranght is admitted near 
the ash-pit door, and is regulated by a valve, wliich allows a alow combustion to be maintained. The 
ooal is Intredaced at the top tlirough lids, which are rendered nearly air-tight by means of aand- 
jointa, that is, by thell edges being tnmed down and made to dip into groorea filled with sand. The 
fire-box is lined with flie-bricks, as shown in the figure, to prevent such cooling of the ignited mass 
M might interfere with a atettdj combustion. The store proper ia enclosed in a case or oovering, to 
pteTent the intense heat of the former from injuring the au of the room. In this example, the coal 
u repreaented as burning from tbe top downwarda : but in the moat approved form of this atove ttis 
cool !■ lit at the bottom. In this case, onljr that portion of it which is in contact with the ban 
through which the air is admitted is in a state of active combustion. Tbe imignited cool sinks down 
aatlie lower layer is consumed; thus the atove ia aelf-feeding. A en fficient quantity of coal may be 
ptaoad in the stove to last twcnty-fonr hours, a valuable fratnre when it Is to be used Botc>ly f6r 
TfiDtilative purposes. 




After Dr. Amott, Bylveiter, on engineer, brought out an improvement, which has produced an 
entire change in the oonstnictioD of stoves. The new principle introduced bj Sylvester consisted in 
multiplying the heating surfaces by means of vertical plates. Tbe following description of the 
imraoved stove wilt best illustrate the principle. An elevation and a plan of the stove are given 
in Figs. 7288, 7280. _ 

The fuel is placed upon a grate, ibe bars of which are even with the fioor of tbe 
sides and top of these stoves are eonstmcted of double coainn 
verticsl plates, parallel with the front facing, are included in to 



interior, which collect by 



^__^__j er rise at)ove the tcmperai 

2i2=''Fahr. under any circu instances. The aides imd top of tlie atove are thus converted inb 
chamber, ofllcring an extcneive suiface of heated melal. Al the bottom, through an oi«Ding ii 
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onu>iiKiit)ilpart,tfaeE^i8itHoi>ed to enter, whioh, oa it beoomea irarmed, risee ibnmgli the differeol 
compartmenU formed by tbe hot puvllel plates, and eacapea &t the top tlirongh similar openiDgi 
into the room. 

Sytveater'a idea wsi modified a feir yoara later bj Qnrney, who prodnoed the atore represeDtod 
In Fig. 7290. It reaeinbloaSylTBater't slove inpoaaaasing the multiple heating aarfaoeB. It difl^ 
bom it, howeTBT. in form, and in not olnaya being lined with fire-brick, 
overheating being preyeiited bj placing the atove in a pen filled with ""■ 

water, the evaporation of which is effected with a tapidit; oorrespocding 
to the activity of the cambugtioQ. It would be preferable to lino this «tove 
with brick io nil caaea, and n more nmaioental appearance might be given 
to it by aubHtitutiiig a vase, conveniently placed on the top, tor the Bome- 
what nnaightly pan at the bottom. This stove posseeaes the nndoiibted 
merit of having popularized tbe use of the plates or ribs first iatrodnced by 
Sylveatar. 

When a atove ia employed solely to warm tbe mi before beiDg admitted 
into an apartment, it is termed a hot-air atove, and its construction fa 
modified to render it auitable to the purpoae intended. Stoves ^plied to 
this nee generally oonaiat of a fire-boi, amoke-pipea in one or more ooavo- 
Intiona, a casing enclosiog the hot chamber, and hot-air pipes mnning 
ttora the top. But tbe detaila admit of an inflnita variety in the arrange- i 
tnents, and it would therefore be futile to attempt a description of them. I 
We have eJread; shown some of tbeee arrangements when treating of 
TL'Dtilation. 

When large ajwcea have to be warmed, anch aa the interiora of public buildings, it ia obvioot 
that a single radiating atove, whatever ita dimenaiona may be, must be quite iuadeqnate to tbe 
purpose ; for Ibe distant narts of the room would remain cold even after the beat in the immediate 
neighbourhood of the fire had become intolerable. To increase the number of tbe stoves would tmtail 
great additional labour and expense, and in many cases would be altogether impracticable. Henoa 
it ta necoeaary to enipW meana of transmitting the beat from one fire and of distributing it equally 
over the whole apece. The meana used for thia purpose are hot air, hot water, and stesm, to which, 
as appliesble to oertaiu oases, may be added gas, though the latter must be considered as a substitute 
for aaveral flree, rather than a means of transmitting neat from one fire. Hot air poaecaco t)ie gteat 
advantages of being extremely simple and cheap in its application, and of enauriuit an adequate and 
perfect ventilation ; bnt it ia open to the grave objection of rendering the air unwholesome by over- 
heating it. Aa we have previoualy explained, uir suddenly heated ia unwiiolasomely dry; but 
betides this, when air is passed over metal in a state of intense beat, the organic matteis Soatiog ia 
it are burned, causing tbe uncleaBant smelt whioh air so treated always posaeases. This objec&o, 
however, lies rather agaiuat the details than o^'ainst tbe principle of the system. If tbe air, imtcad 
of being brought into contact with a small surface intensely bot, were passed over a maeh largsr 
aurface at a correspondingly lower temperature, the same effect of wanning would be p--'— -■ 
mwholoaoi - .....>..,- -,, 




without the unwholo! 






B that attend the former case. Tbe v: 



s modes of dis- 



tributing the wanned air have been already deacribed. 

Hot water is by far the most generally employed means of wnrming buildings. Its application 
to thia'purpose seems to bave been first suggested by John Evelyn, who, in bis KalendarioiD 
Horlensp, proposed, as early as 1G75, to employ It to warm hothouses for plants. In Evelyn's plan, 
which is illuntmtcd by drawings, we find all the elements of our present system of warming and 
ventilating by hot water, and the details are skilfully arranged. But it dnes not appear tliat tbe 
system made any progress in bis time, for We next hear of it in ISlfi, aa intmduoed into England 
by the Marquis de Cbatannes from France, where it had been employed since 1777 by Bonnemain 
for the artificial hatching of chickens. Since that time it has continued rapidly to develop ileelf. 
The principle of tbismcxlearoonveyingheat is a very simple one. Suppose a circnitofpipee AB C D, 
Fig. 7291, in wiiich a fumare is placed at A and an expansion vessel at B; the water in this 
circuit will remain in a state of absolute rest, because the 



''if 



and consequently its density lessened, and the equilibriUDl of , 

tbe two columns will be destroyed ; the portion D A wiU be 

driven towards tbe furnace with a force proportionate to tlie 

difference of density io the two vertical columns. If now we 

conceive the cohmma B C Bnd A D produced, it will be evident 

thnt heat may be transmitted through tliem to a considerable 

distance. Moreover, il Is obrioua that if the pipes are made 

of a good conducting material, as iron, and are coiled oi multi- 1 

plied in their course, they will give ofi' their betit in a degree 

directly proportionate to the extent of Ibcir anrfoces and ibe temperature of tbe water relatively to 

that of the surrounding atmosphere. 

As the h< at from the pipes affects the circulation of the air in the room, the pipes must be di*' 
posed in arconlance with tlie ay^ti-m of ventilation adopted. Obvious as it may seem, this ptecantiaa 
IB frequently neglected, and the cuustquence of such ignorance is cold draughts in every part of tha 
room. There aro various ways of arranging the bot-watct pipes. Very often they are plaoed hori- 
zontally, either upon the floor against the walls of the apartment to be warmed, or beneath tbi 
floor ; in the loiter cnae, a grating ia placed in the finor direcOy over the pipes. This amu^enienl 
is Ihe usual one adopted in cburchea. Sometimes the pipes are fixed vertically in special flues ia 
the walh<, as shown in Fig. 7202; in this caao, en opening ia provided in tiie fiuo at tbe lop and 
bottom of each apartment to allow of tbe joinia l>eiDg inspected, and to nfford a pasaago for Um 
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*eatil>tiT« cnireots. Another omngnneDt, and one that In nmnBionB eaaea la by nmoh the beet, ii 
to place the pipes in coils, or tome other auitaible manner, in the basement of the building, and tc 
employ tbsDi instead of air-stOTee to heat the incoming ventilatire onrrent 
By ttua mcana all the adrBntageg of the hot-air system may be obtained, with- tm. 

out the defects whioh we ha?e previously pointed out. An arrangement of 
this kind has been described >□ connection nith the Tentilation of Et. Thomna'e 
Hoapital, and at the Houses of Parliunent a similar plan ia oarricd out by 
means of steam. The best means of combining the warming nilh the vcnti- 
latii^ of an apartmant, or set of apartments, and it is impossible to separate 
these without pmdodDK Kreater enls than the warming is desired to avoid, • 
is nndonbtedjy afforded by hot air. As we have already pomtcd out, the ' 
objections to tne latter system lie, not agaiDst the principle of it, bnt agiainst 
the mode of heating the air ; and if hot water were substituted for the hot^it 
stove, every objection on the score of anwholeeoroeness would be removed. 
Dra. Drysdale and Hayvard, whose system of warming and vendlatiuK has 
already been described, coodomn the mode of wanning with hot air as being 
unwholesome, bnt they admit its superiority over every other mode by prac- 
ticslly adopting it; for though they employ hot water, they do so only to 
warm the incoming ventilatiTe current. An advantage posecascd bj the hot- 
water over tlie hot-«ir syBtam is that it may be more easily applied to an t 
eiisting building. The form of the furnace and ttie arrangement of Its delails 
admit of endless variety. The object to be attained is the same as in a steam- 
boiler, and the means employed must thns be similar. 

To avoid the necessity for so large a mass of water and sueb an extent of 
heating sur&ioe, the high-pressure system was introduced by Perkins. In this 
system tlie pipes are made very small and very strong, frequently I in. outside 
and 1 in. inside diameter, and always of wrought iron. These pipes are formed 
into an endless circuit and hetmeticnlly closed, and the water is made to circu- 
late through them rapidly at a temperature of 300° and upwards. The furnace [ 
is enclosed in brick, and the water is heated by passlna; a number of coils of 
the pipe through the furnace. At the highest part of the circuit is an expan- 
sion vessel, also shut off from the atmosphere, and allowing an expansion of 
15 or 20 per cent. The pipes may be earned through the building in the same 
way &9 in Ihe low-pieesure system already deecribod. A common arrangement 
U lo place a considerable coil in a pedestal or bunker with open trellis-work in front, in 

port of the room. From the smallnees of the pipes employed in this system, they d . , 

placed in position without iojnxy to the floors and walls. The mode of increasing the heating 
surface by ooils Le also an advantage. The objections to this system are its elpenstveness, which 
is a great obstacle to its general adoption, and the liability of the pipes to burst. 

The great capacity of water for heat, and the permanence of its circulation eveu long after the 
Are in the furnace has been extingaisheo, ensure a regular temperature in every part of the nwm 
in spite of iuteiTuptions of the furnace fire, and constitute one of the greatest advantagee of the 
hot-Hater system. Also heat can be conveyed by means of water to a great horizontal distance, 
which it is hardly poenible to do with hot air, and the air is never overheated as it frequently is by 
stoves. Other advantages possessed by the sjstem ore its economy of fnel, the facilities it oCTers for 
the constant supply of hot water Cor baths and lavatory purposes, the ready means it aSonls for 
effecting an adequate and saitable ventilation, and the surety it gives against fire, and the lesser 
bnt great evil ofimioky chimneys. On the other hand, its flrst cost is considerBble; It is very slow 
In its action on account of the masa of water to be heated, and it lacks the clieerful appearanoe of 
the open fire. 

Bteam possesses several advantages ovar hot watei that has led to its adoption in many nublic 
bnitdings. In factories, workshope, and all places where Bteam power is employed, it afibrds the 
readiest, the most efficient, and tne cheapest means of wanning, because the steam may be taken 
directly from the boiltr. Where, however, a speciol boiler has to be provided, ttle cost is nsoally 
greater than that of water. Wanning by steam is founded on the property which steam possesses 
of being suddenly condensed when brought into contact with a cold surface, and at the same time 
of giving out its latent heat, which is communicated to that surface. The condensing vessel is 
nsually a pipe placed in a suitable position in the room lo be warmed. The circuit of pipe is bo 
disposed that the water derived from the oundensation of the steam is conveyed beck to the boiler. 
The chief advantages of steam as a means of warming, consist in the rapidity with which beat may 
be conveyed to and cut off from a given point ; the great quantity of neat that may be conveyed, 
and the consequent small dimensions of tho pipes required. 

To ensure a saccesaful working of the system, the details must be carefnily planned and 
executed, and the extent of beating surface must be calculated according to the size of the room, 
the thickness of the walls, the number of windows, the nortbern oi southern aspect, or any other 
source of Iohs of heat In making this calculation of the requisite surface of steam-jiipc, it is usual 
lo allow 1 sq. fL for every Ii sq. ft. of single-glaaa window of the ordinary thickness; 1 sq. tt. 
fbr every 120 sq. ft. of wall, floor and oeiling of ordinary material and thickness, and I sq. ft. for 
every 6 enb. fL of hot air escaping a minute as ventilation. The first cost of steam apparatus is 
less than that of hot water, on acoount of the small dimensions of the pipes required ; and provided 
the details are planned and executed properly, there will be no risk of leakage, nor any danger it 




pipes suitably placed. As the pipes occupy even less space tlisn Perkins's high-pressure hot-water 
pipes, the advantages afforded by the latter in this respect are realized in a higlmr degree by the 
use of steam. 



L 
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Gm has not yet been applied BysteniBticall/ to the wonabig of the atmoaphera of an apartmait. 
It possesBoa, however, qualities that render it very iniitable tor this porpose, and it !■ probable 
tliat a future generation will turn on heat, as ve qoit toro on light, by meatu of Ihia Talnable 
agent. 

Bookt on Wormi'ii^ and Ventilating ; — Inmao (W. S.\ ' Beport on Ventilation, WoiminK, and the 
Transmission of Sound,' 8vo 1K16. Tredgold (T.), ' Principlee of Wanning and Ventilating PaUki 
BoUdinga,' Svo, 1836. P^Iet (E.), < Traite de la Chaleor,' 3 toU. royal 8vo, Paris, 1S13. Bad 
(D, BX ' Theoiy and Practice of VentUation,' 8vo, 184*. Beman CW.), ' History of the Art of 
Wanning and Ventilating,' 2 vols. 12mo, 1845. Amott (N.), ' The Bmokelese Fireplace/ gvo, 1S55. 
Morin (Gen.), ' £tndes sur la Ventilation,' 2 vols. 8to, Paris, 1861. Bitchie <B.), ' On Venlilatton, 
Natnial and ArtiBcial,' Svo, I8G2. Box (Thoa.), 'Practical Treatise on Heat,' crown Sro, I66a 
Hood (C), ' On Warming Boildinga and on Ventilation,' 8vo, 1869. Eassie (W.), ' Healthy Honse^' 
12mo, 1672. ' Uc&lth and Comfort in Honse Building^' by Dra. J. Drysdale and J. W. Haywoid, 
8to, 1872. Joly (V. Cfa.). ' Traits Prattqno dn Chauffage et de la Ventilation,' royal 8to, Paiia, 
1873. Beid (D, B,), ' On Ventilation in American DwellingB,' 8to, New York. 

VIADUCT. Fb., Fiiuiuc; Geh., Viaduct; Ital., Viadotta; B^ah, Viaducto. 

Though strictly speaking embankments, cnttSngs, and tnnnels are viaducts, the tenn is gensraUy 
understood to apply only to elevated roadways sapported upon artifldal constmctions of stone, iron,, 
or timber. Thus a viaduct nay be defined as an extensive bridge, or series of arohea, erected ftr 
the pnrpoee oF conducting a road or a lailway above the level of the gronnd in creasing a valley, <m 
any place whore it may be neoe«BUy to conduct the road or the rulna^ at the reqnisite elevatico 
above the natural surface of the ground. In order to avoid intarferonce with previously existing liiui 
of communication. The wide extension of the railway syatoms, and the imperative neeeMitr to 
tbeir construotion for pieeerving a horizontal level fbr the roadway, or at least of departing &tm 
this level within very restricted limits only, have rendered the cooetruction of viadncta an importaDt 
part of railway engineering. When the necessity oocoie for raising the line to a bei( ' ' 
ably above the natural level of the ground, various conaderationB may arise to i 

engineer in hia choice between an eml»nkinent and a viaduct. If the height be gre«t, ol .. 

formation of the valley of a very unstable nature, an embankment ie scarcely practicable^ and Iheto- 
fore valleya, whether having a stream in them or not, are almost always crowed by viadnct^ In 
other cases, appearance and economy must be oonsidered. An embankment, by cutting off the vie* 
beyond, may destroy the value of a site that without it would be pictoreeqae. This oouaidentioii 
in some instances mav be an important one : but usually the question is decided on the ground cf 
economy. An embanimenl .... .... ... 



a wider base than a vioducl and c< 







opereies lo wear away ttie sides ana nttier exposed snrfiioes. Thus the question oi repairs 
ncrious one, and often loads to the choico of the viaduct as involving less expense for oo 



lintaiMUce. This is eepeoi- 
B tmae in the neighboiubood 
m where a rulwkj bu to be 
i in on B level Bufflclentlj 
d to enable it to paaa ever the 
The oDtakiTtB of London 
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I OHiTiag a. line of nilira;. 

m vladnet is nothing mere 
a extended bridge, we need 
er beie into » ocoitidention 
(rindplea of iti ooutroction, 

being meouel; nmilu to 
€ » bridge, hsTe beoi fnllj 

inuiotlHrHticle. The only 
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rtKiM lendera It aeoeMBrr 
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1 the aprinKiiiK of tlie arches, 
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Mticii. The bonding of the 
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ue Dorifontal on top and 
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ig 10 ft. above the water, at 
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Among the finest examples existing in Ehigland may be mentioned two on the Kewoasile and 
Tynemouth Railway. Chie of these strnctures crosses the Onse bonme, a public roadway, a mill- 
race, and the adjacent valley. It consists of five wooden arches, three of which are 116 ft span 
and two 114 ft., and four end arches of masonry, two having a span of 43 ft, and the two others 
36 ft. ; the total length of the viaduct being 918 ft. It carries a double line of rails in a bieadth 
of 26 ft., and a footway 5 ft. broad ; the height of the rails above the bed of the bourne is 108 ft. 
The piers are of masonry, and have a considerable batter, the princinal being 21 ft wide at the 
footings and 15 ft at the springing of the arches; thev are continueo, with reduced dimensions, 
up to the level of Uie roadway. The construction of the wooden arches is worthy of special 
attention. The ribs of which they are composed are of kyanized Dantzic deal, and they are turned 
to a radios of 68 ft, the rise being about 33 ft. The planks of which these ribs are made up are 
11 in. wide by 3 in. thick, and are in lengths varying from 20 to 46 ft. In building up the rib, 
these planks are laid two whole ones in one course, and one whole one and two halves in the next 
course, care being taken to cross the joints both longitudinally and in depth. The number of courses 
so formed is fourteen. To fix these courses together, oak treenails 1| in. in diameter were used at 
distances of 4 ft. apart, each treenail passing through three of the deals. The latter were bent to the 
required form over a centre. To keep the joints perfectly tight, a layer of brown paper, previously 
dipped in boiling tar, was placed in them. The spandnls of these arches are formed of trussed 
framings. The fiooring, which is of 3-in. planking over transverse beams 4 ft apart, is covered with 
a composition impervious to water. The dimensions marked on Figs. 7293 to 7297 are metric 

On the Cornish Railway there are numerous examples of timber viaducts that are deserving of 
a careful study. 

VICE. Fr^ JEtau; Ger., Schraubstock ; Ital., Morsa; Span., Toraillo, 

See HAND-TooLfi. 

VIRTUAL VELOCITY. Fb., Vitesse virtueile; Gkb., ViHMlle GeschwindigheU ; Ital., VdociU 
virtuaie ; Span., Velocidad virtual. 

Virtual velocity is a minute hypothetical displacement, or motion, assumed in analysLs to facilitate 
the investigation of statical problems. With respect to any given force of a number holding a 
material system in et^uilibrium, it is the projection upon the direction of the force, of a line joining 
its point of application with a new position of that point conceived to be taken indefinitdy near 
to the first, and without disturbing the equilibrium of the system, or the connection of its part*, 
with each other. The principle of virtual velocities is the law that when several forces are in^ 
equilibrium the algebraic sum of their virtual moments is equal to zero. Tlie virtual moment o~ 
a force is the product of the intensity of the force multipliea by the virtual velocity of its poin 
of application. 

VIS VIVA. Fb., Force vive ; Geb., Lebendige Kraft ; Ital., Forza viva ; Span., Fuerxa WBa. 

Living force, or vis viva, is the force of a body moving against resistance, or doing work, i 
distinction from vis mortua^ or dead force. It is expressed by the product of the mass of a bod; 
multiplied by the square of its velocity. The principle of vis viva is the principle that the 





between the agp'egate work of the accelerating forces of a system and tliat of the retarding force: 
is equal to one-halt the vis viva accumulated or lost in the system whilst the work is doing. Th 
term vis mortua is not often used, and implies force doing no work but only producing pressu 
Vis inertioB is the resistance of matter, as when a body at rest is set in motion, or a body in motio 
is brought to rest, or has its motion changed either in direction or in velocity ; it also meai 
inertness ; inactivity. Vis inertix and inertia are not strictly synonymous, as the former applies 
the resistance itself which is given, while the latter applies merely to the property by wnidi jfi 
is given. 

WARMING. Fb., Chauffage; Geb., Heizung ; Ital., Riscaldamento ; Span., Calcfaocion, 

See Ventilation. 

WATER-WORKS. Fb., Conduite et Distribution des eaux ; Geb,, Wasserhitung ; Ital., Omdf^Jtia 
di acqua potabile ; Span., Obras hidraulicas. 

One of the primary wants of human life is a constant supply of wholesome water ; and it is a 
chief duty of the hydraulic engineer to collect and convey economically stores of water, from eittier 
natural or artificial reservoirs, to communities which without water could not exist Rain is the 
great source of all frcsli water, and when it has fallen it presents itself in the forms of surface 
waters, rivers, streams, and natural springs ; but may also be obtained from wells and impoundii^ 
roservoird, artificially formed, or from a combination of two or more of the sources named. As if ib 
useless to entertain any scheme for supplying water without ascertaining the composition aod 
quality of all the waters liable to be drawn upon, a careful analysis must be made, and the porat 
available source selected. 

Analysis. — A great difficulty with water analysis is, to satisfactorily prove the sanitary effect of 
certain impurities contained in the water,— that is, to sSow connection between the results of ao 
analysis, and the physiological effects produced by the use of that water. This arises from oar 
knowledge of the subject being less definite than could be wished. Thus, the good or bad eiTeet 
of moderately hard waters containing chalk is an open question ; and although waters containiog 
sewage, metals, living organisms, animal refuse, or salts, in excess, are decidedly objectioDftble, 
waters having traces of them may be used with impunity. It is, however, generally recogDized 
that water can be considered good and putable when it is fresh, clear, without odour ; when its 
savour is very weak; when it is especially neither distasteful, salt, or sweetish; when it cont&iiu 
little of extraneous matters; when it is sufficiently aerated ; when it dissolves soap without forming 
clots ; and when it cooks vegetables well. 

Any glass-stoppered bottle, holding two or three quarts, will serve for collecting the sample to 
bo examined, care being exercised that the bottle is quite clean. In collecting ue water from a 
river or tank, the bottle should be immersed below the surface, and rinsed once or twice with the 
water ; and in taking the water from a pump or pipe a quantity should be allowed to flow avft; 
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before the sample is collected. The bottle is filled up nearly to the neck, and the stopper tied over 
with a piei.e of linen, no luting or wax being used. 

Aa a Preliminary Examination, — Fill a flask of white glass with the water to be examined, and 
compare its colour with that of distilled water contained in a similar flask. Warm some of the 
water slightly in a test-tube ; shake it, and observe if the water possesses any peculiar odour or 
taste. Warming will often disclose the smell of a water when none could be noticed cold. 

A rough m^hod of estimating the suspended matters is to pass a known Quantity of water 
tfazough a filter paper previously washed in distilled water. The increase in tne weight of the 
filter paper gives the quantity of total suspended matter in the known volume of the water. 
Bum the paper, and weigh the ash ; then bum an unused filter paper previously ascertained to be 
precisely similaj to that used, and also weigh its ash ; the quantity of ash in excess of that contained 
m the unused filter gives the amount of suspended inorganic matter in the water. 

Estimation of the Ammonia, — It is desirable to proceed at once with the determination of this 
constituent, since it is the most liable to change. The method of estimation is based upon the 
fact that an alkaline solution of mercuric iodide, added to a liquid containing ammonia, produces 
a brown coloration, due to the formation of the iodide of tetramercurammonium. This test, known 
aa Neesler's, is ca|»ble of detecting one part of ammonia in 20,000,000 parts of water. 

Preparation of the Nessler Test. — Dissolve 35 grms. of iodide of potassium in water, and add, little 
by little, a cold concentrated solution of corrosive sublimate, until the precipitate disappears on stirring. 
Cautiously continue the addition of the corrosive sublimate solution until a very slight precipitate 
only remains. Filter, and add to the filtrate an aqueous solution of caustic soda, prepared by 
dissolving 100 grams, of stick potash in 200 cub. cent of water, and dilute the mixture ; to this 
is added a tenth part of a weak solution of bichloride of mercury. The liquid should be allowed to 
stand for a short time, and a portion decanted fo^ use. The t^t requires, in addition to the use 
of distilled water without ammonia, a standard solution of ammonia, containing y^ milligramme 
of ammonia to each cub. cent, of water ; and graduated glass cylinders. 

Transfer 100 c.c. of the water to be tested to one of the glass cylinders ; add 1} o.c of the 
Nessler solution, and agitate. Notice the colour, and then pour as much of the solution of 
ammonia as may be considered equivalent to it into a second cylinder, and fill up with 100 c.c. 
distilled water; add 1^ ca of Nessler solution. Mix thoroughly, and compare the tints in the 
two cylinders. If they are about equal in intensity, the quantity of ammonia used will equal the 
ammonia in the water that is being examined. Observe whether the natural water becomes turbid 
after the ad<Ution of the Nessler test. A decided precipitate is due to lime or magnesia salts, and 
indicates hardness. 

Wanklyn and Chapman are of opinion that the usual methods employed to determine 
organic matter in water are inadequate for the purpose; and in their Treatise upon Water 
Analysis, which we quote, they give a new method of determining nitrogenous organic matters. It 
is distinguished bv its special a£iptation to detect and estimate microscopic quantities, and appears 
to be especially adapted to deal with the organic impurities in water. 

Most kinds of water contain ammonia, or ammoniacal salts, which either was recently, or may 
presently become, a constituent of organic matter. In addition to this, most kinds of water actually 
do contain more or less nitrogenous organic matter, which furnishes ammonia either on simple 
boiling with carbonate of soda, or else on boiling with permanganate of potash, in presence of 
excess of alkali. By estimating the amount of ammonia obtainable from water, noting the circum- 
stances under which it is obtained, we have a measure of the nitrogenous organic matter present 
in water. 

We have seen the wonderfal delicacy of the means of estimating and detecting ammonia. Such 
being the character of this estimation, the great advantage of causing determinations of organic 
matter to depend on measurements of ammonia will be manifest. By making these measure- 
ments of ammonia stand for measurements of organic matter, we apply micro-chemistry to water 
analysis. 

The following is an outline of Wanklyn and Chapman's ammonia method of water analysis;— 

Half a litre of water is taken and placed in a tubulated retort, and 15 c.c. of a saturated solution 

of carbonate of soda added. The water is then distilled until the distillate begins to come over 

free from ammonia; that is until 50 c.o. of distillate contain lees than j^ of a milligramme of 

ammonia. A solution of potash and permanganate of potash is next added. This solution is made 

by dissolving 200 grammes of solid caustic potash and 8 grammes of crystallized permanganate 

of potash in a litre of water. The solution is boiled to expel any ammonia, and both it and the 

solution of carbonate of soda ought to be tested on a sample of pure ^at^ before being used in 

the examination of water. 50 cc of this solution of potash and permanganate should be used with 

half a litre of the water to be tested. 

The distillation is continued until 50 cc. of distillate contain less than ^^ milligramme of 

ammonia. Both sets of the distillate have the ammonia in them determined by means of the 

Nessler test, as previously described. No matter how good the water may be, it is desirable never 

to distil over less than 100 cc. with carbonate of soda, and not less than 200 cc. after the addition 

of the potash and permanganate of potash. 

Wanklyn and Qiapman give as an example of their method the following analysis of Edinburgh 

water, from Swanston, one half-litre taken ; — 

AmmonU. 
Cob. Cent. MiUlgrm. 

1. Distillate (carbonate of soda) 100 = '015 

2. Distillate (potash and permanganate of potash).. .. 100= '085 

100 = 015 

050 
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Therefore, 1 litre of Edinburgh water, from Swanston, oontainB 0*030 millignn. free ammonia; 
' 10 milligrm. albuminoid ammonia ; or 1,000,000 parts contain ' 03 pfuts free ammonia. * 10 parti 
albuminoid ammonia. 

We are indebted to Dr. Clark for a simple method of determining the degree of haidness of a 
water. It consists in ascertaining the quantity of a standard solution of soap in spirit reqmied to 
produce a permanent lather with a given quantity of the water under examination, the resolt being 
expressed in degrees of hardness, each of which corresponds to one grain of carbonate of lime in a 
gallon = 70,000 grains of distilled water, of the water. The following are the particulars of Clark's 
test : — 16 grains of pure Iceland spar, carbonate of lime, are dissolved, taking care to avoid loss, in 
pure hydrochloric acid ; the solution is evaporated to diyness in an air-bath, the residue is again 
rcdissolved in water, and again evaporated ; and these operations are repeated until the aolntion 
gives to test-paper neither an acid nor an alkaline reaction. The solution is made up by additional 
distilled water to the bulk of precisely one gallon. It is then called the standard solution of 16^ of 
hardness. Grood London curd soap is dissolved in proof spirit, in the proportion of one ounce of avoir- 
dupois for every gallon of spirit, and the solution is filtered into a well-stoppered phial, capable of 
holding 2000 grains of distilled water; 100 test measures, each measure equal to 10 water-grain 
measures of the standard solution of 16^ degrees of hardness, are introduced. Into the water in 
this phial the soap solution is gradually poured from a graduated burette, the mixture being wdil 
shaken after each solution of soap, until a lather is formed of sufficient consistence to remain for 
five minutes all over the surface of the water, when the phial is placed on its side. The number of 
measures of soap solution is noticed, and the strength of the solution is altered, if necessary, by a 
further addition of either soap or spirit, until exactly 32 measures of the liquid are required for 100 
measures of the water of 16° of hardness. The experiment is made a second and a third time, in 
order to leave no doubt as to the strength of Uie soap solution, and then a large quantity of the test 
may be prepared, for which purpose Dr. Clark recommends to scrape off the soap into shavings by 
a straight sharp edge of glass, and to dissolve it by heat in part of the proof spirit, mixing the solu- 
tion thus formed with the rest of the proof spirit. 

Process for ascertaining the Hardness of Water. — Previous to applying the soap test it is necessary 
to expel from the water the excess of carbonic acid ; that is, tne excess over and above what is 
necessary to form alkaline or earthy bicarbonatee, this excess having the property of slowly decom- 
posing a lather once formed. For this purpose, before measuring out the water for trial, it riurald 
be shaken briskly in a stoppered glass-bottle hidf filled with it, sucking out the air from the botUe 
at intervals by means of a glass tube, so as to change the atmosphere m the bottle ; 100 measures 
of the water are then introduced into the stoppered phial, and treated with the soap test, the car- 
bonic acid eliminated being sucked out from time to time from the upper part of the botUe. The 
hardness of the wator is then inferred directly from the number of measures of soap solution em- 
ployed by reference to the subjoined Table. In trials of waters above 16° hardness, 100 measures of 
distilled water should be added, and 60 measures of the soap test dropped into the mixture, provided 
a lather is not formed previously. If at 60 test measures of soap test, or at any number of such 
measures between 32° and 60°, the proper lather be produced, then a final trial may be made in the 
following manner ; — « 

100 test measures of the water under trial are mixed with 100 measures of distilled vrater, weU 

agitated, and the carbonic acid sucked out ; to this mixture soap test is added, until the lather is 

produced. The number of test measures required is divided by 2, and the double of such degree 

will be the hardness of the water. For example, suppose half the soap test that has been reqmred 

correspond to 10 ^^ degrees of hardness, then the hardness of the water under trial will be 21. 

SuppcMse, however, that 60 measures of the soap test have failed to produce a lather, then another 

measures of distilled water are added, and the preliminary trial made, until 90 test measures of 

solution have been added. Should a lather now be produced, a final trial is made, by adding to 1 

test measures of the water to be tried 200 test measures of distilled wator, and the quantity of 

test required is divided by 3 ; and the degree of hardness corresponding with the third part ~ _ 

ascertained by comparison with the standard solutions, this deg^ree multiplied by 3 will be the hanL. 

85*5 
ness of the water. Thus, suppose 85*5 measures of soap solution were required, — ^— = 28*5, an.^^ 

on referring to the Table, this number is found to correspond to 14°, which, multiplied by 3, gir 
42° for the actual hardness of the water. 

Table of Soaivtest Measubes oobrespondino to 100 Test Measures of each 

Standard Solution. 
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Itamfatt, — ^Baiii is of all meteorological phenomena the most caDiidoiis, both as regards its 
fremneiMsy and the amount which falls in a given time. In some places it rarely or never falls, 
whilst in others it rains almost every day ; and there does not yet exist any theory from which a 
probable estimate of the rainfall in a given district can be dedticed independently of direct obser- 
Tation. But although dealing with one of the most capricious of the elements, we nevertheless find 
a workable average in the quantity of ram to be expected in any particular place, if careful and 
continued observations are made with the rain-gauge. G. J. Symons, the meteorologist, to whose 
continued investigations we are indebted for our most reliable data upon the subject of rainfall, gives 
the following practical instructions for using a rain-gauge ; — 

<< The mouth of the gauge must be set quite level, and so fixed that it will remain so ; it should 
never be less than 6 in. above the ground, nor more than 1 ft, except when a greater elevation is 
absolutely necessary to obtain a proper exposure. 

'* It must be set on a level piece of ground, at a distance from shrubs, trees, walls, and buildings, 
at the very least as many feet from their base as they are in height. 

'* If a thoroughly clear site cannot be obtained, shelter is most endurable from N.W., N., and E., 
leas so from S., S.E., and W., and not at all from S.W. or N.E. 

** Special proliibition must issue as to keeping all tall growing flowers away from the gauges. 

*' In order to prevent rust, it will be desirable to give the japanned gauges a coat of paint every 
two or three years. 

"• The gauge should, if possible, be emptied daily at 9 a.m., and the amount entered against the 
previous day. 

**• When making an observation, care should be taken to hold the glass upright. 

" It can hardly be necessary to give here a treatise on decimal ariUimetic ; suffice it therefore to 
say that rain-gauge glasses usually hold half an inch of rain (0*50), and that each -^^ (0*01) is 
marked ; if the fall is less than hialf an inch, the number of hundredths is read off at once, if it is 
over half an inch, the glass must be filled up to the half inch (0*50), and the remainder (say 0*22) 
measured afterwards, the total (0*50 + 0*22) = 0*72 being entered. If less than -ri^^ (0*10) has 
fallen, the cypher must always be prefixed ; thus if the measure is full up to the seventn line, it must 
be entered as 0*07, that is, no inches, no tenths, and seven hundredths. For the sake of clearness 
it has been found necessary to lay down an invariable rule that there shall always be two figures to 
the right of the decimal point. If there be only one figure, as in the case of one-tenth of an inch, 
usually written 0*1, a cypher must be added, making it 0*10. Neglect of this rule causes much 
inconvenience. 

^ In snow three methods may be adopted — it is well to try them all. 1. Melt what is caught in 
the funneL and measure that as rain. 2. Select a place where the snow has not drifted, invert the 
fimnel, and turning it round, lift and melt what is enclosed. 3. Measure with a rule the average 
depth of snow, and take one-twelfth as the equivalent of water. Some observers use in suowy 
weather a cylinder of the same diameter as the rain-gauge, and of considerable depth. If the wind 
is at all rough, all the snow is blown out of a fiat-funnelled rain-gauge." 

A drainage area is almost always a district of country enclosed by a ridge or watershed line, 
oontinnous except at the place where the waters of the basm find an outlet It may be, and generally 
is, divided by branch ridge-lines into a number of smaller basins, each drained by its own stream 
into the main stream. In order to measure the area of a catchment basin a plan of the country is 
required, which either shows the ridge-lines or gives data for finding their positions by means of 
detached levels, or of contour lines. 

When a catchment basin is very extensive it is advisable to measure the smaller basins of which 
it consists, as the depths of rainfall in them may be difilBrent ; and sometimes, also, for the same 
reason, to divide those basins into portions at different distances from the mountain chains, where 
rain-clouds are chiefiy formed. 

The exceptional cases, in which the boundary of a drainage area is not a ridge-line on the surface 
of the countiy, are those in which the rain-water sinks into a porous stratum until its descent is 
stopped by an impervious stratum, and in which, conseqnently, one boundary at least of the drainage 
area depends on the figure of the impervious stratum, being, in fact, a ridge-line on the upper 
snr&oe of that stratum, instead of on the ground, and very often marking the upper edge of the 
outcrop of that sbatum. If the porous stratum is partly covered by a second impervious stratum, 
the nearest ridge-lino on the latter stratum to the point where the porous stratum crops out will be 
another boundary of the drainage area. In order to determine a drainage area under these circum- 
stances it is necessary to have a geological map and sections of the district. 

The depth of rainfall in a given time varies to a g^eat extent at different seasons, in different 
years, and in different places. The extreme limits of annual depth of rainfall in different parts of 
the world may be held to be respectively nothing and 150 in. The average annual depth of rain- 
fall in different parts of Britain ranges from 22 in. to 140 in., and tiie least annual depth recorded 
in Britain is about 15 in. 

The rainfall in different parts of a given country is, in general, greatest in those districts which 
lie towards the quarter from which the prevailing winds blow ; in Great Britain, for instance, the 
western districts have the most rain. Upon a g^ven mountain ridge, however, the reverse is the 
case, the greatest rainfall taking place on that side which lies to leeward, as regards the prevailing 
winas. To the same cause may be ascribed the fact that the rainfall is greater in mountainous than 
in fiat districts, and greater at points near high mountain summits than at points farther from 
them ; and the difference due to elevation is often greater by far than that due to one hundred miles 
geographical distance. 

The most important data respecting the depth of rainfall in a given district, for practical 
purposes, are, the least annnal rainfall; mean annual rainfall; greatest annual rainfoll; distri- 
DutioQ of the rainfall at different seasons, and, especially, the longest continuous drought ; greatest 
flood rainfall, or continuous fall of rain in a short period. 
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Tlie available rainf&U of a district is that part of the total rainfall which remains to be stored 
in reservoirs, or carried away by streams, after deducting the loss throogh evaporation, throngfa 
permanent absorption by plants and by the ground, and otner causes. 

The proportion borne oy the available to the total rainfall varies very much, being affected by 
the rapiditv of the rainfall and the compactness or porosity of the soil, Uie steepness or flatness of 
the ground, the nature and quantity of the vegetation upon it, the temperature and moisture of the 
air, the existence of artificial drains, and other circumstances. The following are examples; — 

Available Bain&U 

Ground. •*• 

Total Rain&IL 
Steep surfaces of granite, gneiss, and slate, nearly 1 
Moorland and hilly pastture .. .. .. from *8 to *6 

Flat cultivated country ' .. from *5to*4 

Chalk 

Deep-seated springs and wells give from *3 to *4 of the total rainfall. 

Such data as the above may be used in roughly estimating the probable available rain&U of a 
district ; but a much more accurate and satisfactorv method is to measure the actual discharge of 
the Btreams at the same time that the rain-gauge observations are made, and so to find the actual 
proportion of available to total rainfall. 

The following Table gives the mean annual rainfall in various parts of the world. 

Tablb of Rainfall. Collected by G. J. Symons. 
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EUROPE. 

Austria — Cracow 

Prague 

Vienna 

Belgium — Brussels .. 

Ghent 

Louvain 

Denmark — 

Copenhagen .. 
France — Bayonne . . 

Bordeaux 

Brest 

Dijon 

Lyons 

Marseilles 

Montpelier 

Nice 

Paris 

Pau 

Rouen 

Toulon 

Toulouse 

Great Britain — 

England, London . . 
„ Manchester 
„ Exeter . . 
„ Lincoln .. 

Wales, Cardiff 
„ Llandudno.. 

Scotland, Edinburgh 
„ Glasgow . . 
„ Aberaeen 

Ireland, Cork . . 
„ Dublin , . 
„ Gal way . . 
Holland — Rotterdam 
Iceland — Reikiavik 
Ionian Isles— Corfu . . 
Italy — Florence 

Milan 

Naples 

Rome 

Turin 

Venice 

Malta 

Norway — Bergen 

Christiauia 



Period 
of Obser* 
vationa. 



years. 

5 

47 
10 
20 
13 
12 

12 
10 
32 
30 
20 

• m 

60 
51 
20 
44 
12 
10 

• • 

52 

40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

• • 

5 
22 

8 
68 

8 
40 

4 
19 

• • 

10 



Latitade. 



50 4N 
50 5 
48 12 

50 51 

51 4 

50 33 

55 41 

43 29 

44 50 
48 23 

47 14 

45 46 
43 17 
43 36 
43 43 

48 50 
43 19 

49 27 
43 4 
43 36 

51 81 
53 29 

50 44 
53 15 

51 28 
53 19 
55 57 
55 52 
57 8 
51 54 
53 23 
53 15 
51 55 
64 8 

39 37 
43 46N 
45 29 N 

40 52 

41 53 
45 5 
45 25 
35 54 
60 24 
59 54 



Mean 

Annual 

Fall. 



Ins. 



33 

15 

19 

28' 

30' 

28' 

22- 

56- 

32' 

38-8 

311 

37-0 

190 



1 
1 

6 
6 
6 
6 

3 
2 

4 



30 

55 

22 

37 

33 

19-7 

24-9 



3 
2 
9 
1 

7 



24 

36 

33 

20 

43 

30 

24 

39 

31 

40 

30 

50 

22 

28 

42 

35 

38 

39 

30 

38 

34 

150 

84-8 

26-7 

















4 
9 

3 
9 
6 
1 



Goontry and Station. 



Period 
ofObser- 
▼atiooa. 



?) 



EUROPE— ixm^inued 

Portugal — 

Coimbra (in vale o: 
Mondego) . . 

Lisbon 

Prussia— Berlin 

Cologne 

Hanover 

Potsdam 

Russia — 

8t. Petersburg 

Archangel 

Astrakhan 

Finland, Uleaborg . . 
Sicily — Palermo 
Spain— Madrid .. 

Oviedo 

Sweden — Stockholm 
Switzerland — G ene va 

Great St. Bernard .. 

Lausanne 

ASIA. 

China— Canton .. 

Macao 

Pekin 

India — 

Ceylon, Colombo .. 
„ ELandy 
„ Adam's Peak 

Bombay 

Calcutta 

Cherra^ngee.. 

Darieelmg .. .. 

Madras 

Mahubnleshwur 

Malabar, Tellicherry 

Palamcotta .. 

Patna 

Poonah 

Malay — Pulo Penang 

Singapore 
Persia — Lencoran . . 

Ooroomiah 
Russia— Bamaoul .. 

Nertchinsk .. .. 



yean. 
2 

20 

6 
10 

3 
10 

14 
1 
4 

• • 
24 

• • 

1 

8 
72 
43 

8 



14 

• • 

7 



LaUtnde. 



Anniul 
FalL 



33 
20 



22 
15 

• • 

5 



3 
1 

15 
12 



40 13 

38 42 
52 30 
50 55 
52 24 
52 24 

59 56 

64 32 
46 24 

65 
38 8 
40 24 
43 22 
59 20 
46 12 

45 50 

46 30N 38'S^ 



23 6N 69 
22 24 
39 54 



6 56 

7 18 
6 50 

18 56 
22 35 
25 16 
27 3 
18 4 

17 56 
11 44 

8 30 
25 40 

18 SO 
5 25 
1 17 

38 44N 
37 28 
58 20 
51 18 




61(^ 
127^ 



91 —7 
84 -0 
100 -0 
84^ -7 
-9 
-S 

-s 

25* -0 
lis '0 

21. -I 

8^-7 

IdO'O 
iS'S 
2V5 
IV8 
17-5 
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Table of Raikfall — continued. 
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ASIA — continued. 

Bu68iA — Okhotsk 

Tiflifl 

Tobolsk 

Turkey — 

Palestine, Jenualemj 
Smyrna 

AFRICA. 

ABTSsmiA — Grondar .. 
AiiOEBiA — Algiers . . 

GoDstantina .. 

Mostaganem .. 

Oran 

Ascension 

Cape Colony — 

Cape Town .. 
Guinea — 

Chiistiansborg 

Madeira 

Mauritius — ^Port Lonis 
Kata l — Maritzburgh 
St. Helena 
Sierra Leonb .. .. 
Tbneriffb .. .. .. 

NORTH AMERICA. 
British Columbia — 
New Westminster . . 
Canada — 
Moutreal,St. Martin's 

Toronto 

Honduras — ^Belize . . 
Mexico — Vera Cruz . . 
Russian Averioa — 

Sitka 

United States — 
Arkamas, Fort Smith 
California, San Fran-| 

Cisco j 

Nebraska, Fort^ 

Kearny . . . . / 
New Mexico, Socorro 
New York, West! 

Point / 

Ohio, Cincinnati .. 
Pennsylvania, Phila-l 
delphia .. ../ 
Sooth Carolina,) 
Cbarlestown . . / 
Texas, Matamoras . . 
Webtt Indies— Antigna 
Barbadoes 

„ St. PhiHp 
Cuba, Hayannah . . 



Period 
ofObaer- 
▼aUons. 



2 
6 
2 

14 
3 



10 

m • 

1 

2 
2 

20 

. • 
' 4 

3 

« • 

2 



2 

16 

1 



15 
9 

6 

2 

12 

20 

19 

15 

6 

• • 

10 

20 

2 



Latitude. 



59 13 
41 42 
58 12 



31 
31 
38 



47 
47 
26 N 



12 36 N 
36 47 
36 24 
85 50 
35 50 N 
8 8S 

33 52 S 

5 SON 
33 SON 
20 3S 
29 36 S 
15 55 N 

8 30 
28 28 N 



49 12 N 

45 31 
43 39 
17 29 
19 12 

57 3 

35 23 
37 48 

40 38 
34 10 

41 23 
39 6 
39 57 

32 46 

25 54 
17 3 
13 12 N 
13 13 N 
23 9 



Mean 

Aonnal 

FoU. 



ins. 



35 
19 
23 

65 

16 
27 



37 
37 
30 
22 
22 
11 

24 

19 
30 
35 
27 
18 
86 
22 



2 
3 

' 

I 
0? 

3 ! 
6 , 



3 

8 

1 
5 



2 
9 
2 
6 
8 

3 



54-1 

473 

31-4 

153 

66-1 

89-9 

42- 1 
23-4 

280 
7-9 
46-6 
46-9 
43-6 

48-3 



35 
39 
75 
56 
60' 



2 
5 

] 
2 
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N. AMERICA— cont 

W. Indies — Mataazas 

Grenada 

Guadalonpe, Basse- 1 

terre / 

GuadaloupOjMatonba 
Jamaica, Camib 

„ Kingstown 
St Domingo, Capel 

Haitien . . / 

St Domingo, Tivoli 
Trinidad 
Virgin Isles, St.\ 

Thomas* . . / 

Virgin Isles, Tortola 

SOUTH AMERICA. 
Brazil — Rio Janeiro . . 

S. Luis de Maranhao 
Guyana — Cayenne . . 

Demerara, George\ 
Town .. .. 

Purimaribo 
New Granada — 

La Baja 

Marmato 

Simta Fe de Bogota 
Venezuela — Cnmana 

CoraQoa 

AUSTRALIA. 

New South Wales — 

Batharst 

Deniliqnin 

Newcastle 

Port Maoqnarie 

Sydney 

New Zealand — 

Anckland 

Christchurch .. 

Nelson 

Taranaki 

Wellington 
South Austbalia — 

Adelaide 

Tasmania — 

Hobart Town . . 
Victoria— Melbourne 

Port Phillip .. .. 
West Australia — 

Albany 

York 

POLYNESLA. 

Society Islands — 
Tahiti, Papiete .. 



Period 
ofObacr- 

Talions. 



years. 



6 



6 

15 

6 



3 
2 
3 
12 
6 

2 
3 
2 
2 
2 

6 

12 

6 

11 



liatitudo. 



Mcttn 

Annual 

Fall. 



23 
12 



2 

8 



16 5 



16 
18 



5 
3 



17 58 

19 43 

19 
10 40 

18 17 



ins. 

55-3 
126-0 

126*9 

285-8 
970 
83 

127-9 

!l06-7 
62-9 

60-6 



18 27N 65-1 



22 54 S 58-7 
8 OS 2760 
4 56 N 138-3 



6 50 



87-9 



6 229-2 



7 22 

5 29 

4 36 

10 27 



541 

900 

43-8 

7-5 



12 15 N 26-6 



S3 24 S 

35 32 

32 57 
31 29 

33 52 

36 50 
43 45 
41 18 
89 3 

41 17 

34-55 

42 54 

37 49 

38 30 

35 
31 55 S 



17 32 S 



22-7 
13-8 
55-3 
70-8 
46-2 



31 
31 
38- 
52 



2 
7 
4 

7 



37-8 

19-2 

20-3 
30-9 
29-2 



32 
25 



1 
4 



46-7 



Springs. — Everyone is familiar with the fact that certain porous soils, such as loose sand and 
grayel, absorb water with rapidity, and that the groimd composed of them soon dries up after heavy 
showers. If a well be sunk m sach soils, we often penetrate to considerable depths before we meet 
with water ; but this is usually found on our approaching some lower part of the porous formation 
where it rests on an impervious bed ; for here the water, unable to make its way downwards in a 
direct line, accumulates as in a reservoir, and is ready to ooze out into any opening which ma^ be 
made, in the same manner as we see the salt water filtrate into and fill any hollow which we dig in 
the aands of the shore at low tide. A spring, then, is the lowest point or lip of an underground 
vaeervoir of water in the stratification. A well, therefore, sunk in such strata will most probably 
fomiflh, besides the volume of the spring, an additional supply of water. 

The traiismiflsion of water through a porous medium being so rapid, we may easily understand 

9 I 
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why springs are thrown out on the side of a hill, where the npper set of strata consist of chalk, sand, 
or other permeable substances, while the subjacent are composed of day or other retentive soilsw The 
only difficulty, indeed, is to explain why the water does not ooze oat everywhere along the line of 
junction of the two formations, so as to K>rm one continaous land-soak, instead of a few springs only, 
and these oftentimes far distant from each other. The principal cause of such a concentratioii of 
the waters at a few points is, first, the existence of inequalities in the upper surface of the imper- 
meable stratum, which lead the water, as valleys do on the external surface of a country, into certain 
low levels and channels, and, secondly, the frequency of rents and fissures, which act as naftonl 
drains. That the generality of springs owe their supply to the atmosphere is evident from this, thai 
they vary in the different seasons of the year, becoming languid or entirely ceasing to flow after long 
droughts, and being again replenished after a continuance of rain. Msiiy of tibem are probably 
indebted for the constancy and uniformity of their volume to the great extent of the subterraneaa 
reservoirs with which they conmiunicate, and the time required ror these to empty themselves by 
percolation. Such a gradual and regulated discharge is exiiibited. though in a less perfect degree, 
in all great lakes, for these are not sensibly afiected in their levels dv a sudden shower, but are only 
slightly raised, and their channels of efflux, instead of being swollen suddenly like the bed of » 
torrent, carry oflf the surplus water gradually. 

Among the causes of the failure of Artesian wells, we may mention those numerous rents and 
faults which abound in some rocks, and the deep ravines and valleys by which many countries ars 
traversed ; for, when these natural lines of dramage exist, there remains a small Quantity only oC 
water to escape by artificial issues. We are also liable to oe baffled by the great tnickness either 
of porous or impervious strata, or by the dip of the beds, which may carry off the waters frooa 
adjoining high lands to some trough in an opposite direction, — as when the borings are made a^ 
the foot of an escarpment where me strata incline inwards, or in a direction opposite to the fiaoe 
of the cliffs. 

The mere distance of hills or mountains need not discourage us firom making trials ; for the waters 
which fall on these higher lands readily penetrate to great depths through highly-inclined T)r Tertioal 
strata, or through the fissures of shattered rocks ; and after flowing for a great distance, must ofleo 
reascend and be brought up again by other fissures, so as to approach the surface in the lower 
country. Here they may be concealed beneath a covering of undisturbed horizontal bed% which i% 
may be necessary to pierce in order to reach them. It should be remembered that the oonrse of 
waters flowing under ground bears but a remote resemblance to that of rivers on the snrfaoe, there 
being, in the one case, a constant descent from a higher to a lower level from the source of the 
stream to the sea ; whereas, in the other, the water may at one time sink far below the level of the 
ocean, and afterwards rise again high above it. 

Store Eeservoirs. — The purpose of a store reservoir is to contain a sufficient quanti^ of the excess 
of rainfall in wet seasons, to allow the supply to be kept up uninterruptedly throughout the year. 
Thus the capacity of such a reservoir will be determined by the availaole annual rainfall, and the 
annual service demand. On both these questions piuch difference of opinion exists, and ounse- 
quently we find no uniformity in the practice of engineers. Even in cases where the same bases 
have been adopted in calculating the available rainfall and the average daily consuniption, ibae 
is a want of uniformity in estimating the storage room required. We learn from fieardmor&'f 
Hydraulic Tables that the capacity of existing store reservoirs varies from one-third to one-half tlie 
available annual rainfall, and that the quantity stored varies from 120 to 180 days' supply. TJie 
longest drought observed in England lasted 105 days, and as such a drought is never likel; to 
bo exceeded in duration, it would seem that 120 days' supply would in every case be amply sufficieDt 
But in calculating contingencies, it must be borne in mind that the drought may begin when the 
reservoir is half empty. Moreover, the loss of water by evaporation in hot, dry weather is wrj 
great, a fact that is usually under-estimated. Instances have occurred where a storage of 150 diy^ 
supply has proved insufficient. But on the other hand, it should not be forgotten that during • 
season of drought the supply to the reservoir does not cease altogether ; at letist, such is not the case 
until the drought has lasted for a considerable time. If this fact be estimated at its true value, it 
will be found that, provided there be no extraordinary circumstances to take into account, 120ds7f' 
demand will be sufficient. Except at the end of a prolonged dry season, there is, even in the driest 
weather, a fiow of about one-fourth of a cubic foot a second from every 1000 acres of the watershed; 
and this gives a supply of 130,000 gallons in the twenty-four hours. In the cases alluded to in which 
a larger storage was found to be insufficient, tbe demand was probably under-estimated. 

In calculating the capacity of a reservoir, there must always be a certain space left below the 
lowest working level that is not available for storage. The use of this space, or bottom as it i* 
termed, is to collect the sediment from the water. No rule for the volume of the bottom can he 
deduced from existing examples, for here again we find a total want of uniformity. Some engioeen 
give a depth equal to one-sixth of the total depth of the water at the deepest part of the reseiroir; 
but it is difficult to discover on what basis such a calculation rests. The object being to allow 
a depth of still water above the bottom for the purpose of preventing sediment from being drawn oC 
this end would probably be best attained by allowing such a depth that at the lowest working terel 
no portion of the bed at a distance of 3 ft. from the water's edge ^all be less than 6 in. fr^ the 
surface. 

When the capacity of the reservoir has been determined, its dimensions will depend maiuly oo 
the character of tlie site. Depth is essential to the purity of the water, for in shallow water tbe 
growth of plants is very rapid. Moreover, as evaporation depends upon the extent of snrfiws 
exposed, the loss from this cause will be less as the depth is increased. For these reasoofl, > 
reservoir should always possess considerable depth. 

In selecting the site of a reservoir, the chief things to be considered are the elevation, snd the 
configuration of the ground. The elevation must be such that from the lowest water-level tbeie 
shall be a suHicient fall to provide for the highest point to be supplied and the highest point orer 
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which the water has to he conveyed, and that ahove the top water-level there ahall he a gathering 
ground of snfficient extent to famish the requisite Quantity of water. The configuration of the 
ground is a matter of great importance. The site which in this respect is ihe most suitahle for a 
xestfvoir is a valley, across the outlet of which an emhankment may he thrown, for in such a case 
only one side is artificial. It is not often, however, that these favourahle conditions are to he met 
wiui. Very littie guidance can he given in this matter; it must be left to the sUll and judgment 
of tiie engineer to make the best use of the natural features with which he has to deal. When the 
site and Uie dimensions have been fixed upon, a plan should be prepared with a sufficient number 
of contour lines to allow the cspacity of the reservoir to be calculated for every foot in depth ; for 
when this is known, a vertical scale fixed in it will at once show the actual contents at any moment. 
Another important matter connected with the choice of a site is the nature of the soil. It is obvious 
that unless the stratmn forming the bottom and sides of the reservoir be an impervious one, it will 
not retain the water. Very frequently the stratum forming the surface is permeable, and in such 
a case it is necessary to make oorings to ascertain where an impervious one is to be met with, 
because at whatever depth this may he situate, the embankment must be carried down to it. It is 
also requisite to make several borings within the limits of the reservoir, in order to discover any 
permeable strata that may crop out ; for such strata would convey away the water if proper precau- 
tions were not taken to prevent it. The engineer should also ascertain where fitting materials may 
be obtained for the embankment, and especially the puddle-walls. 

The selection of the site of the embankment is a matter of the greatest importance, and one 
that tests the knowledge and ability of the engineer more perhaps than any other connected with 
reservoir construction. A bad selection may entail enormous labour and expense, and even then 
lead to fulure. Instances might be cited m which the work has been abandoned after a great 
outlay had been incurred. Too much attention cannot be devoted to an examination of the site • 
previous to commencing operations, and every information bearing directly or indirectly upon the 
question ^ould be diligently sought after. The figure of the ground must be determined with 
aocuraoy oy making, not only a longitudinal section along the centre line of the proposed embimk- 
ment, but several cross-sections taken at suitable points. The former will be a cross-section of the 
valley, and will show the nature, form, and position of the impervious stratum, which must be 
unbroken from one side of the valley to the other, and must rise on both sides above the top water- 
leveL To enable these sections to be made, it will be necessary to sink numerous trial shuts, both 
along the line of the embankment and on each side of it. In no case should these practical tests be 
mnitted, for the appearance of the ground at the surface is very deceptive, and if only one or two 
borings are made a fault nuy be misised. Unless the nature of the ground be accurately determined 
bv these means, no reliable estimate of the cost can be made. It is very important that the sinking 
of the trial shafts should not be suspended as soon as water-tight material is met with, for the 
stratum may be of insufficient thickness or broken by fissures and faults, in which cases the 
permeable strata beneath will carry off the water. When such a case occurs, the sinking must 
oe carried on till another and more satisfactory stratum is reached. Also if the outcrop of a 
permeable stratum has been discovered in the bed of the reservoir, it must be clearly ascertained that 
the sinking for the foundation of the puddle-wall of the embankment has been carried through such 
stratum, as otherwise the water would be carried off by it beneath tlie embankment. £i some 
localities, where the pitch of the strata is high, this latter condition might require the puddle-ditch 
to be carried down to a very great depth; and in such a case it might be more practicable to 
remove the permeable material at the outcrop for a few feet in depth, and to fill the excavation with 
puddle. 

The best material for the foundation of a reservoir embankment is clay, and the next compact 
rock firee from fissures. In preparing the foundation, all porous materials, such as sand, gravel, 
and fissured rock, should be carefully removed, as well as all materials that are not sufficientiy 
strong to carry the weight of the embankment. Before the excavation for the puddle-trench is 
b^g^, the thickness of the puddle-wall at the surface of the ground must be determined. As the 
pressure of the water at the foot of the wall increases with the depth, it is usual to make the thick- 
ness depend upon the height. But as it is unnecessary to make this tliickness proportionate to the 
pressure, we find a want of uniformity in the practice of engineers. A batter of 1 in 8 or 1 in 12 on 
both sides of the wall is the rate of mcrease commonly adopted ; but the thickness of the wall at 
the top of the embankment varies in existing examples from 3 to 10 ft. It is certain that a puddle- 
wall 8 ft thick at the top, and having a batter of 1 in 12, is sufficient to prevent filtration of the 
water so long as the wall remains in a sound condition ; but in so thin a wall there is danger of 
eracks and fissures being caused by unequal settlement. The extreme thickness of 10 ft. is 
evidently greatly in excess. A good rule would be to make the top thickness 5 or 6 ft., according 
to the quality of the puddle, and in every case to give a batter on both sides of 1 in 12. When the 
thickness of the wall at the surface of the ground has been determined, the puddle-trench may be 
oommenoed. Here the usual practice is to make the trench diminish in width downwards, in the 
same proportion as the puddle-wall diminishes above the surface upwards. There is, however, no 
sufficient reason for this decrease in thickness below the surface ; on the contrary, as the ground on 
the up-stream side is completely saturated with water, the pressure on the puddle increases with the 
depth of the trench, and theoretically therefore the thickness of the wall should increase to the 
bottom of the trench. But such a design would lead to great practical difficulties, for the ground 
would not stand if undermined for the trench in that way, however strong the timbering might be. 
A similar objection lies against the common practice of making the width of the trench diminish 
in depth. It is difficult to dress the sides of a deep trench to a steep batter, and still more difficult 
to timber it effectively. And if we take into account the extra labour involved in working in the 
narrow space towards the bottom of the trench, we must conclude that the plan of sinking the 
trench with perpendicular sides, and thus keeping the puddle of the same thickness from the surface 
of the ground to the bottom of the trench, is the most economical that can be adopted. 

9 I 2 
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Owe nmet be taken to prevent injniy from Bprlogs rising nnder the 1»sb of the e 
Fiaeures tliroueh which water iasues may be calked witli oakum, or, if large, plugged with wooden 
or iron plugB, If water rises from the bottom of the trench, it will be DecesHary to sink below it 
When the lock is very wet, slrong concrete should be used to fill up the bottom portion of the tisncb. 

The puddle nsed should consist of strong, tough clay, soft, miry clay being quite oiisuitable. 
Qreat care should be taken that it make a p&rfeetly water-tight joint with the bottom of the trelioh. 
To enanre this when tlie finindation is solid rock, the latter ia commonly cut into nooTee or slep* 
running parallel with the centre line of the embankment. When the treooh haa been filled up to 
tho enrface of the ground, the embsnkment may be conunenced. The construction of tbCM 
ombaakmenta haa been fully described in our article on Rivera, to whioh we refer our readers. It 
ia necessary to remark, however, that when a puddle-wall is used, it should be snpported on both 
sides by a wall of the same thickness of strong and carefully-selected materials. AU soft material 
Bhould be removed from the site of the embankment, 'and if the rite be on sidelimg gnrand, it 
should be carefully benohed and levelled. The water slope is tuiually 1 to 3, and ia protected by 
Btone pitching in the way described in the article referred to above. Sometime* a wait u 
masoiUT Is used instead of an embankment. Suob walls have been described nnder Dam* and 
Betainmg Walla. 

Previous to tha failure of the Dale Dyke at BhefReld in 1664, the ontlet was generally by a 
culvert nnder the embankment Thia culvert contained a pipe or pipes which passed through a 
water-tight stopping in the culvert, and it was of suffloient dunensii'oa to admit of the accew of 
workmen. The down-stream end uf the culvert was open, and often provided with wing-walls, 
which BQstained the thrust of part of the outer slope of the embankment; the up-stream eud was 
usually closed with water-tight masonry, through which the lowest or scouring outlet-pipe passed. 
In numerous instance a tower naa built on the ianer end of the culvert, near the foot of the water- 
slope, to contain outlot-pipes for drawing water from difTerent levels, with valves and mechanimL 
for opening and shntting tlicm. These valves were usually only short pipes eztendinr throuelL 
the walls of tho tower, and furnished with sluices. When so situate, the tower is reached from th^ 
top of the embankment by a light foot-bridge. Sometimes the tower was imbedded in the embank — 
ment, and was then called a vslve-pit. If the reservoir was for a town water-Bupply, the culverts. 
contained two outlet-pipea, one at the lowest working level, and the other on a level with th^^ 
bottom of the reservoir. The latter pipe is intended for scouring purposes only. This outlet b^^r 
cnlvcrt is to lie found in many of the esistiiig reservoirs. It is, bowever, open to the grav^^ 
objection of weakening the embankment. It is nauslly placed at the noint where the height c»< 
the bank is greatest, and aa it crosses the pnddle-trencb, which is fllled in with a soft, yieldin.^^ 
material, that sinks away from it in time from settlement it is liable (o fracture. Even wh^i ^^, 
arch is thrown over the trench to give support to the culvert the puddle is weakened b; beit^^ 
pierced, and the settlement of the whole embankment is seriously interfered with. 

Since the accident above referred to, the culvert baa been abandoned in fuvoui of a tonckeJ 
driven round one end of the em- 
bankment through solid ground, 
or even beneath tho bank. When 
the tunnel passes round the end, 
a valve-shaft ia conatructed in a 
line with the puddle-lrench from 
tho tunnel to t)io anrface of the 
ground. Thetuunel attbe bottom 
of the shaft ia in some oases filled 
up with a ping or stopping of 
water-tight mesonr;/, the chamber 






nofti 



the ahaft being made somewhat 
larger than the rest of tho tunnel 
to allow the plugging to be well 
koyed into the sides. The outlet- 
pipea and valves are inserted in 
this atopping. There are two out- 
let-pipes, as in the culvert, and it 
has been rocom mended that each 
shouldbcproYldedwith two valves, 
one of which should consist of a 
pipe extending to the top of the 
shaft, and fnmished with grooves r 
capable of receiving an ordinary 
sluice or paddle. This paddle 
could thus be lowered into the 
outlet-pipe in front of the other 
valve, which might be of tlie ordi- 
nary spindle kind, and in the event 
of an accident to the latter the 
paddle could be lowered, and-the ^ 
valve taken out and repaired, tlie ' 
supply in the meantime being 
continued through the other pipe. 
should be lined with brick t< " 
tb* valves. 
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One of the inlet-slnioes used at the Glasgow Water-works is shown in Fiffs. 7299 to 7301. The 
water is first admitted from the lock into a basin 55 ft. long by 40 ft. wide inside, through three 
cast-iron slaioes each 4 ft. sqnare. Across the middle of the uisin is fixed a line of strainers, to 
keep fish and floating objects from passing into the aqueduct from the lock. The cast-iron sluice- 
plate F is faced with oraas and works against brass faces on the cast-iron frame G, which is securely 
let into the masonry and is furnished with guides to keep the sluice F in its place. The sluice is 
raised and lowered by means of the iron screw H working in a brass nut, the screw beiifg turned 
by a crank and beyel-wiieels at top. 

The oyerBow or waste weir is essential to the safety of every reservoir. It is a weir at such a 
level and of such a length as to be capably of discharging from the reservoir the greatest flood 
discharge of the streams which flow into it. Knowing this discharge, and allowing a maximum 
depth of say 6 in. over the weir, the length of the latter may be easily calcinated. The weir should 
be built of ashlar or square hammer-dressed masonry. Instead of a weir, what is known as a 
waste pit is in some cases used ; this is a tower rising through or near the embankment to the top 
water-level, into which the waste water falls, and is carried away by a culvert at the bottom. But 
as such a tower can seldom have a sufficient extent of overfall, the safety it affords is questionable. 
The water that flows over the waste weir is conducted away to tho natural water-course by a 
by-wash or channel. This by- wash may be much narrower than the weir, as the water may flow 
through it with an increased depth. In all cases the by-wash should be cut round the end of the 
embankment, and not brought over the embankment itself. Sometimes it is cut to take the flood 
waters without allowing them to pass into the reservoir, and this plan is preferable for several 
reasons. Usually the waste weir is segmental in form, and a fall of 1 or 2 ft. is allowed on 
the down-stream side. To prevent too great a velocity in the channel by which the water is con- 
veyed to the natural course, the channel should be carried along level for some distance from the 
reservoir. Some engineers break the floor occasionally by steps. When steps are used, the fall 
should not be more than 9 in., and the tread of the step should be equal to at least twice the 
fall. Near the reservoir, a layer of concrete should be placed under the bottom of the by-wash. 
Further information on these matters will be found under the head of Weirs, in the article on 
Bivers. 

The following Table, by N. Beardmore, furnishes reliable data for estimating the storage room 
required: — 

Wateb Sdfplt and Dbainaoe Abbas 

Bequired for various Amounts of Population, at diflerent Bates of Supply, with a Guide to the 
Cubic Contents of Beservoirs, where that method of Supply is adopted. 



Dbcbarge Beqalred. 


Number of Population. 


Gathering Ground 
Required. 


Reservoir 
Required. 


Cubic Feet 

amlnatei 


aAllODB 

a day. 


At 30 Gallons 
a Head a day. 


At 40 Gallons 
a Head a day. 


At 50 Gallons 
a Head a day. 


With Stream 
delivering 
8 cub. ft. to 

each sq. mile. 


With lain. of 
Rain a year, 
or 03 cub. ft. 
a minute to 
each sq. mile. 


Holding 

Water for 

4 Months, at 

63 cub. ft. 

a minute. 


cub. ft. 

27-8 

55-7 

83 5 

111-4 

139-2 

1671 

1950 

222-8 

250-7 

278-5 

334-3 

890-0 

445-7 

567 1 

668-6 

780-0 

891-4 

1,002-8 

1,114-3 

2.228-6 

8,343-0 

4,457-8 

5,571-6 

6,686-0 

7,800-3 

8,914-6 

10,0290 

11,1438 


millioDB. 

-25 

-50 

•75 

1-00 

1-25 

1-50 

1-75 

2-00 

2-25 

2-50 

3-00 

3-50 

4-00 

600 

6-00 

7-00 

8-00 

900 

10 00 

2000 

30*00 

40-00 

50-00 

6000 

70-00 

80-00 

90-00 

10000 


No. 

8.333 

16,666 

25,000 

33.833 

41,666 

50,000 

68,333 

66,666 

75.000 

83,333 

100,000 

116,666 

133,333 

166,660 

200,000 

233.333 

266,666 

800.000 

333,333 

666,666 

1,000,000 

1.333,333 

1,666,666 

2,000,000 

2,333,333 

2,666,666 

3,000,000 

3,838,888 


No. 

6,250 

12,500 

18.750 

25,000 

81,250 

87.500 

43,760 

50,000 

56,250 

62,500 

75,000 

87,500 

100.000 

126,000 

150,000 

175,000 

200.000 

225,000 

250,000 

500,000 

760,000 

1.000.000 

1,250,000 

1.500,000 

1,750,000 

2,000,000 

2.250,000 

2,600,000 


No. 

5,000 

10,600 

15.000 

20,000 

25,000 

80,000 

86,000 

40.000 

45,000 

50,000 

60,000 

70.000 

80.000 

100,000 

120,000 

140,000 

160,000 

180,000 

200.000 

400,000 

600,000 

800,000 

1,000,000 

1,200,000 

1,400.000 

1,600,000 

1,800,000 

2,000,000 


eq. miles. 

8-48 

6*96 

16-44 

13-93 

17-41 

20-89 

24-37 

27-85 

31-83 

84-82 

41*78 

48-75 

55-71 

69*64 

83-57 

97-50 

111-43 

12311 

139-29 

278-58 

417-87 

557- 16 

696-45 

835-74 

975-04 

1,114-33 

1,253-62 

1,392-91 


eq. miles. 

•52 

1-05 

1-57 

2-10 

2-63 

815 

3-68 

4-21 

4-73 

5-26 

6-31 

7-36 

8-41 

10-62 

12-62 

14-74 

16-82 

18-92 

21-02 

42-05 

6307 

84 10 

105-13 

126-15 

14718 

168-21 

189-23 

210-26 


cub. ft. 

millions. 

4-88 

9-76 

14-65 

19-53 

24-42 

29-30 

34-18 

89-07 

43-95 

48-84 

58-60 

68-87 

78 14 

97-68 

117-21 

136-75 

156-28 

175-82 

195-36 

390-72 

686*08 

781-44 

976-80 

1.171 16 

1,367-52 

1,562-88 

1,758-24 

1,968-60 
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Of the Inclination and Section to be given to Feeders and Conduite. — ^When a oeriain quantity of 
water bas to be cooTeyed by means of feeders and conduits, the first question that presents itself is, 
the determination of the declivity and the dimensions of fJie wetted section. With Respect to the 
declivity to be given to the work, it frequently happens that local circmnstanoes allow it to be 
varied within certain limits ; and in that case, the engmeer must decide what is best suited to the 
existiug conditions. Some writers maintain that the velocity of the water in a feeder should never 
be less than 1 ft. a second to preserve its wholesomeness. But though we do not deny that in 
this respect a considerable velocity is an advantage, we think it would be unwise to make greti 
sacrifices to obtain it. A stream having a velocity of only 9 in. a second would travel twelve 
miles a day ; and if the feeder were of that length, or even twice or three times that leng^ 
the passage of the water in the stream would correspond to a storage of one, two, or three days in. 
the reservoir ; and as it is kept completely stagnant in reservoirs a much longer time than that, w» 
fail to see how it could become corrupted in so short a space of time. From this point of view, su 
much lower velocity than 1 ft. a second may be allowed, especially in conduits of masonry. Rankine^ 
however, places the limits to the velocity at 4 ft and 1 ft. a second, because above 4 ft. small, 
stones will be carried along; and below 1 ft, the conduit will silt up. It may be mentioned 
here that the Aqueduc de Ceinture at Paris, which distributes the water of the Ourca, has a peHectXy 
level bed, the water flowing in it in virtue of the declivity established at its surface. The most substan^ 
tial advantage of the declivity is to reduce the section of the water-channel, and consequently the 
expense. But this advantage is very small for slight variations of declivity. Thus, for an increase 
of declivity of ^ the section is diminished by only -r^; and for certain forms of section thi« 
diminution would not lessen the expense at all. It may be added, too, that when the water brought 
by a conduit has to be distributed by means of force niidns, the diameter of the mains must be 
increased in proportion to the insufficiency of the head ; and thus the saving effected by increasing 
the declivity of the conduits may be lost in the increased expense of the mains. As the course of « 
water-channel must depend in a great measure on the natural features of the gronnd, the question 
of the declivity cannot be submitted to algebraical laws. It is an eminently complex question, like 
that of the gradients of a road, or of railways. The engineer cannot, any more than he can in then 
cases, confine himself to limits of declivity, or to a uniform declivity. Throughout the course of the 
channel, the declivity and the section must vary with the inequalities of the ground ; but, of coone, 
as every variation of these quantities is in itself an objectionable feature, there must be a sufficient 
reason for making it. It must be kept in view that the problem to be solved is, how to convey s 
given quantity of water from one point to another with the least possible expense. And the 
solution of this problem will depend in a great measure upon local circumstances. « 

Artificial water-channels are of two kinds, those the sides of which are of earth, and those 
which are constructed of masonry ; the latter are more usually called conduits or aqueducts. 

Artificial Water^fiannels voithmit Masonry, — Water-channels without masonrv are only suited for 
conveying large quantities of water. It is indiq>ensable that they should have a suffioieotlj 
large section, to avoid any interruption of the flow by accumulations of aquatic vegetatkni, 
deposits, or accidental slips in the banks. They require frequent cleansing; and a certain 
amount of water is lost by evaporation and filtration. It is also requisite to retain a path along 
their banks to enable them to be kept in a proper state. The water is liable, too, to get bested 
by the rays of the sun when its volume is small. But if a large quantity of water has to be» 
conveyed, these disadvantages sink into insignificance, compared with the economy of this systeo^ 
of construction. When, however, local circumstances and the wants to be supplied demand only 
a very small section, it will be in nearly all cases best to have rec6urse to a channel of masoniy, or 
even to an underground conduit, which will dfiidctually protect the water from the accidents to 
which we have alluded. We do not exclude unbricked water-channels from a project of wtter- 
supply ; but they should be used only for large quantities of water. It must be remembered, toc^ 
that when the channel is in a deep cutting, the sides have a large extent of surface ; and thi^ in 
some soils, entails considerable expense. 

Water-channels of this nature are more particularly connected with navigable works, of which 
they are nearly always an essential accessory. We may here caution the engineer against tne method 
of calculating the loss of water by filtration by the square yard of surface, as is done in the case 
of navigable canals. This method, which we believe false in principle, does not lead to any senable 
error when canals are compared with each other ; because tiieso canals have in general eenflUy 
equal wetted sections and water surfaces : but it might lead to grave miscalculations if applied to 
water-courses of small dimensions, such as those sui^ble for a town water-supply. The permeability 
of the soil will have a much greater infiuence than the dimensions of the water surface. Tlie lotf 
by filtration in canals ought not, therefore, to be considered proportional to their breadth. Beos^ 
it follows that, for narrow water-channels, the loss will be relatively much greater ; and ae the 
cost of puddling or walling is evidently proportionsd to tho br&adth, there will be more induoement 
in the case of the narrow channel to undertake these works. 

Stone or Brick Cimduits. — Many works have been written on the stability of structures in itone; 
arches of various forms, with their abutments and piers, have been submitted to calculation; ViA 
sufficiently accurate rules have been laid down to serve as guides in these matters to engineers. But 
the case of these structures being at a greater or less depth beneath the surface of the ground btf 
been almost wholly neglected. The stability of retaining walls is only a particular case of the 
thrust of earth. The niunerous underground ways which the construction of canals and railwsyi 
necessitates at the present day ofier an application at least as important of this theory. It would be 
beyond the scope of this article, however, to supply this want ; we shall therefore consider merely the 
question of conduits, which, from their nature, are of small dimensions. 

I'hose conduits always consist of a bed and two side walls, covered with flagstones when narrow, 
and with an arch when of a certain breadth. If we suppose such a structure as this erected on tiie 
surface of the ground, all its parts must have certain dimensions, in order that they may not gits 
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way eitber inwards or outwards. These dimensions would still be given to the parts, if the arch, 
instead of being above ground, were in the middle of an artificial embaukment, because the earth of 
which such an embankmeut is composed is liable to slip away suffioi^itly to let the arch down 
between the walls. It is for this reason that in making roads or railways the same dimensions 
are given to the arches and abutments of the small bridges situate in an embankment as if these 
structures were situate above ground. The saving that might be effected by utilizing the thrust of 
the earth is here not taken into account. This savmg would^ moreover, be small, as the works them- 
selves are of small extent. But when sewers and conduits several miles in length have to be 
couHtructed, the importance of giving to the masonry only that thickness which is strictly necessary, 
and of choosing a suitable form of section, will be seen at once. 

In general, in every piece of tuunelling there is a minimum necessary free space. In the case 
of a nulway or a canal, there must be room enough for two trains or two barges to pass each, other 
in a certain position with r&spect to the axis ; in the case of a sewer or a conduit, we have a wetted 
section with sufficient space for the passage of a man, either upright or in a stooping posture, either 
dry-footed or in the water. In other woras, we have a polygon of a given kind and size to be enve- 
loped in. an intrados curve, subject to no other condition than that of giving the minimum cost of 
ocmstruction. Sometimes the polygon is not so fully determined as in the cases just cited. In a 
sewer, for example, where the flow requires a sectional area of 3 sq. yds., and the work of cleansing 
and repairing a minimum height of 2 yds., it is evident that this double condition may be satisfied 
by rectangles of very different heights and breadths. It is therefore requisite to know which are, 
in general, the most economical forms. 

The cost of constructing a subterranean passage consists of two parts, that of the masonry, and 
that of the excavation necessary to obtain this masonry. We will consider epoh of these separately. 
A tunnel cannot give way outwards. We are not speaking of the exceptional case of loose earth, or 
earth liable to be loosened by the action of water ; these are rare circumstances, demanding special 
precautions. But generally the soil met with is stable, and only slightly compressible, so that the 
surface of the extrados of Uie tunnel is subject throughout to a variable pressure perpMendicular to 
its surface. If the walls of the tunnel are in equilibrio, by reason of the dimensions given to the 
several ports of the extrados, it is clear that its outer surface will be subject to no other pressure than 
that which was exerted upon the mass of earth which previously occupied the same space, for, on 
account of the hollow of the tunnel, its weight will be sensibly equal to that of that mam, and a 
giving way can only occur inwards. Suppose, now, the perimeter of the tunnel to have such a thick- 
ness tnat its outward thrust ia exactly equeJ tb the outer pressure of the earth ; in this case eq}ii- 
librium will be established, though the structure, considered alone, is not in such a condition. But 
it will be readily seen that this equality of action and reaction is necessarily produced, unless the 
earth is very compressible and the radii of curvature of the intrados very large. 

Let us consider one of the most unfavourable cases, namely, that of a tunnel composed of two 
walls, a segmental arch with a very long radius, and a rectilinear floor, Fig. 7302. This mode of 
construction evidently brings a very considerable thrust against the top of 

the walls. If the tunnel be cut through rock, the alone N, which consti- ^^^ ^ 

tutes an abutment, will not be forced back sufficiently far to let the arch 

down before flnding a reaction equal to the thrust Q ; but if the ground 

were of a more yielding nature, it would very hkely happen that the 

springings would not meet, as they were being thrust back, with a sufficient 

reaction from the earth in time to prevent the straightened arch from 

slipping down between the walls. We may add, too, that this accident 

would be in nearly all cases caused by the displacement of the soil rather 

than by its compression. The soil, pressed back by the thrust on the 

springings, wiU give rise to pressures above and below ; the latter will 

press the walls inwards, and give them a convex form inside. But virgin 

■oils are only in a very small degree compressible, and the settling down 

of structures is due more to the (Osplacing of the soil upon which they are 

erected than to its compression. There are therefore two means of preventing the fall of the arch, 

to buttress the walls, and to give a greater rise to the arch. It is evident that we shall then neces- 

asrily find equilibrium without increasing the thickness of the masonry. By means of a greater 

riae we shall diminish the horizontal thrust, and at the same time extend the limit which the joint 

of rupture may reach without causing tibe fall or deformation of the arch. By buttressing the walls, 

we shall prevent the springings f^om being forced apart. 

Hence it follows that by giving the inner section of a tunnel a concave form throughout its 
perimeter, the condition of equilibrium may always be attained with very thin masonry. In order 
to submit these forms to a vigorous calculation, it would be necessary to know the pressures exerted 
upon the surface of a solid buried in the earth. But this is a very complicated problem, and one 
that could be solved only by means of a great number of hypotheses on the friction and cohesion of 
soils, and the elasticity of the body compressed ; that is, data which have not yet their expression 
in figures, and which consequently are of little practical interest. We shall merely remark that 
the pressure upon the extrados of a tunnel depends but little on its depth beneath the surface ; a 
careful consideration will show that the upper soil tending to slide upon the slopes of grei^test 
thrust, G D and C D', Fig. 7303, supports itself upon the vertical plane A B passing through the 
axis of the tunnel, so that the portion B G may, even for a certain height, varying with the degree 
of cohesion of the soil, stand without support. It may therefore be admitted generally that the 
pressure due to the thrust is very little ; the truth of this is evinced by the natural caverns found 
in mountains, and in those which are often dug, without support of any kind, in soils having a 
certain consistency. We are speaking now of the natural thrust which would exist if the extraidos 
of the tunnel were in infiexible monolith. But if the masonry thrusts outwards, it is evident that 
the soil will press inwards with equal energy, a reaction that must be the result of a oertain com- 
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pression. Now, if the soil is perfectly sustained, a sensible alteration in the form of the maaonrj 

can never result from this compression. We may remark, however, that when the tmmel is oom- 

structed in a trench or cutting which is 

afterwards filled in, the soil resting upon D a D 

the arch not having much cohesion with }! ^ J I ^-8^^i^^JhM I ^ ! ^ S ^ _ ~" 

the siiles of the cutting, there must be a ' 

greater pressure upon the top than when 

the arch is built underground. But this 

vertical pressure only serves to tighten 

the joints in the arch, and to increase 

the stability of the bide walls. 

From these considerations we deduce 
this consequence, namely, that subter- 
ranean structures ought to oe constructed 
according to other principles than those 
of ordinary structures of masonry ; that 
by taking advantage of the reaction of 
the soil agaiust any outward thrust, by 
choosing rational forms, and by varying 

suitably the radius of curvature of the intrados curve, we may considerably reduce the thicknew of 
the masonry in works of this nature. They ought to be pipes of a nearly constant thickness in the 
perimeter of the section, which thickness should vary only with the diameter, that is, within certain 
limits of section, as the cost of musonry is sensibly proportional to the perimeter of the curve of the 
intrados. The cost of excavation does not follow exactly the same law ; but as in ordinary cases it 
is only a small fraction of the total cost, we may, as an approximation, generalize the principles, 
especially when we are drawing only general conclusions. 

When, therefore, a determined section is required, a slightly elliptical form is to be chosen. An 
exaggeration of the height would cause extra expense, except in the case of a very deep trench. 

Of Different Kinds of Culverts, — Culverts may be divided into three classes, according to their 
dimensions ; those which furnish a passage for the water only, those which are sufficiently high to 
allow a man to walk up them, and tiiose which are provided with pipes for the conveyance of the water, 
so that a man may pass through dry-fuoted. We shall briefly consider each of mese systems, and 
the circumstances that may render one or the other of them preferable in a given case. ^ 

Culverts having dimensions sufficient only to afford a passage for the water are evidently the 
cheapest. If a wotted section of 12 in. by 6 in. or 8 in. is sufficient for the discharge, if the nature 
of the water is such that no cleansing is required either in consequence of impurities or calcareous 
deposits, and if the course is not situate in a deep cutting, this system will offer the greatest 
advantages. In case of accident, by means of man-holes situate at certain intervals, the locality of 
an injury may be proved to be between two of them ; then by digging midway between them, and 
again midway between this point and the man-hole, the exact locality may be discovered. But 
small leakages at several points might take a long time to discover, and would entail great expense. 
A coating of cement has peeled off and blocked up the passage ; small cracks, which singly are 
unimportant, but whicli, being repeated throughout a long distance, are collectively the cause of a 
great loss of water, such things may occasion a long search and a heavy outlay for repairs. These 
culverts, however, appear very suitable for the conveyance of small quantities of water. 

We stated above that the pressure at each point of the perimeter is unknown, but it is easy to 
see that it must be greater in the vertical than in the horizontal direction. The curve of equiU- 
brium must therefore afiect the form of an ellipse, greatly elongated or approaching the form of a 
circle, according as the soil possesses greater or less cohesion. 

These little culvei-ts may be constructed of stone, beton, or cement ; or stoneware pipes may 
be substituted for them. The choice between these several modes depends on circumstauoes 
and local re^sources. The thickness to be given to the walls is so little as to elude calculation. In 
such small sections, a giving way inwards can hardly occur ; the only accident to be feared is a 
sinking of the soil,— occasioned, not by the weight of the structure, but by filtrations escaping from 
it. It would therefore be dangerous to construct these culverts upon an embankment. As to 
virgin soils, it must be left to the engineer to determine on the spot what sjiecial precautions 
are to be taken. We may remark, however, that, in most cases, it will be sufficient to ram the 
bottom of the trench. The proportions of the wetted section may be varied to satisfy given 
conditions. In many parts, materials may be found very suitable for making slabs or flagstones 
to form the top, which will dispense witii arching ; in such a case, the breadth will be limited to the 
dimensions required to utilize these materials. If it is desirable to keep out the water of the soil 
passed tiirough, the joints of these stones must be cemented. A rounded form for the bottom of 
these culverts is favourable to the velocity of the water,^and facilitates cleansing when necessary. 
A coating, or layer of cement, laid on thicker at the angles, has been found very suitable for giving 
this form. 

When, in consequence of the exigencies of levelling, a culvert has to be placed at a great depth 
beneath the surface, the foregoing system loses its advantages in several ways. Suppose, for 
example, that, for an ordinary trench from 3 ft. to G ft. deep, the cost of the small culvert is 
10«. ; it will increase to 20«. or 30s. in that portion for which a deep cutting is necessary. 
In such parts it is requisite not merely to deepen the trench, but to widen, and plunk, 
and strut it. Hence an enormous increase of cost, which will be the same for the small as 
for the large culvert ; so that the relative cheapness will no longer compensato the defects 
pointed out, especially as the position of the culvert will greatly aggravate them. For instance, it 
will be almost impossible to ascertain the locality of a leakage at such a depth. Therefore, in a 
deep excavation, the culvert must be sufficiently large to be accessible on the inside. The question 
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then is, What dimeaaiona are atriotl; Deeewarj to give this adTontage? The esample of tbe 
culvert ai Dijon, Fig. 73(M. constnioted b? the famous Lydmulio engineer, Dora;, proTee that 
2 ft. m in. in height, bj 1 ft. 11} in. in breadth, U quite suffioieut to allow t> 
man to pass up it irithout eiceaaiTO fatigue. It must be borne in mind, tliat it '^*- 

it a rase dcinauding a daily or even a monthly eiaminatioo ; all that it 







required i» for a man dott nnd tlien to pass up with a torch to e 
ptu't ; and by making use of the man-holes, he may mat oe often as he likes. The 
mean term biken by Darcy appenra to us. therefore, perfectly rationnl. In virtue 
of these dimensiono, tbo culvert at Dijon possesses, for the security of tbe dis- 
tribution, the Bumo ailvantagea as those of the largest dimensions ; its defects are 
a mere matter of service, for vbich tbe public have not to sufler; a question of 
paying a small sum yearly to the man whose duty it is to pass Ibrougb tbe 
culTert occasionally in water-tigbt boots. To render this culvert capable of being easily traversed 
by a man upright, the aide walls would have had to be 3 ft. bigheK: and this, ^m tbe dimensionB 
adopted,. would have required an additional cube of brickwork, equal to 28-25 ft,, and, with the 
earthwork, involved an uipenilituru of at least 8». a ynrd, say 5600'. for the whole length of nearly 
7} miles. To effect auch a saving as this, an occasional inconvenience will be cheerfully borne. 
We must remark, however, that, bad the egg-shaped section been adopted, a greater height wonid 
liave been fpveti nt the Bsmc cost, by iliminislilng the thickness of the side walls. Fig. 7D01, which 
would have greatly fucilitatid the passage of the inspector. 

Another advantage of this kind of cnlvert is its capability of conveying a variable quantity of 
water, whilst the small ones would be quickly destroyed if tbe under-preiisure of the water were to 
burst up tiie arch, or lift off the top stone-shuts. This defect is remedied by means of escape-holes 
left at convenient place:). Stonewiire pipes, being capable of withstanding a ocrtaiu presnire, ore 
more suitable than small culverts for the conveyiincc of variable quantities of water. 

The esooutial dimension of this kind of outverl is its height : and it is evident that by increasing 
this we render access to it more easy ; the only question, therefore, is that of cost. There are 
certain advantages, too, which are more or less important, according to local circnmstances. In 
case of repairs, the workman has but little room to use his tools, or to transport bis materials, 
ir the water leaves a depotdt, and the culvert requires cleansing occasionally, its dimensions must 
be increased. In many of the old culverts there is a raised footway on one or both sides, by mrans 
of which inspection, repairs, and cleansing may be executed without standing in the water. This 
is no doubt an advantage; but whether the additional cost is compensated by tbe convenience 
afforded, is open to question. 

Critical KxamituiUinof IVo OiltcWj, — We will complete tiii'se general considpraliooB by makingft 
critical eiaminalion of two culverts recent^ constructed in the inti'rior of the city of Paris. 

A glance at the section represented in Fig. 7305 shows that tbe engineer haa nholl]' left out of. 
consideration the subterranean position of the structures, for 
the brickwork has a thickness more tlian sufScient for equi- '^l^- 

librinm if erected above f^round. In this order of ideiis, the 
oDseta, allowing them to be necc^sury to the stability of the 
structure, would yet l>e a mistake, for by ruising the side 
walla vertically from the perpemlicular of the last offset, tbe 
breadth of the water-passn^e and footway might be increased 
by 7-8 in. without diminishing in tbe leiiet degree the mean 
tnicknesa of the brickwork : or if this additional breadth of 
the water and footways were deemed superSuous, the offsets 
might have been suppressed, and the same tliickncAS of 
brickwork ralained, which would have reduced the brradth 
of the trench. For we must not lose sight of the fact that an 
offset, though it may be imly a few inches high, necessititi'S 
the sume width of trench to sur&ce, thus ocoosioaing greiit 
additional expense. We think, therefore, It may be laid 
down as a principle, that aculvert built in a trench should 
never have offsets. 

If, now, we examine the form of tbe water-wny, we shall 
■ee that tbe breadth and depth are not in the ratio requisite 
for a maximum velocity oF the water. This, however, would 
be a small defect if the section adopted were in tho minimum 
oonditions of cost. But we see at once that in cousequenco of the enormous thickness of tlie side 
walla, especially on the side of the footway, there ia great advantage to be gained by increasing 
tbe breiidth of the water-wny and diminishing its height. The two side walls have together a 
thickness of 8'S3 ft., wliilst that of the arch and flour is only 3'2S ft. : consequently, by increasing 
the breadth of the water-way by '32S ft, and diuiinishing Its height by the same quantity, we gala 
about 5-5 cub. ft. of brickwork, without diminishing the section. The proportion is therefore bad 
in all respect*. If we incicuse the breadth of tbe water-nay to 7'H7 ft., reduce its mean height to 
2'95 ft., and then raise above the footway a more rational jiroHle tlian the existing one, we shall 
effect a saving of about 13^ cub. ft. of brickwork and 85 cub. ft. of excavation, rcjiresenting a sura 
of about il. n yard, or IG,000'. for the whole work, white rotuining the raised footway and tho ledge 
on tlio inside intended to support a flooring of plHiika in case of rejtairs. The modified profile shown 
in Fig. 7305 in dotted lines gives at once much more air and room in the portio'i above tbe water, 
and a sufficient breadth to allow the passage of a good-sized boat, with a diminution of wight upon 
the foundations and of lieight of water upou the Uoor. that is, with fewer chiioces of nitrations. If 
. we were to outer further inio the eiamiruition of this culvert, and discuss the utility of tbe ledge 
mentioned above, and that of the raised footway, which might bo suppressed altogether, or replaced 
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b; ft plank snpported apon CMt-iron brackete, we ahould MtiTS at still more economical foznu. Ve 
will merel; add, however, that the onlvart, being both leeeTToir and cnlTert, that ia, tho water in 
it being alternate!; Id motion and at rest, the laction which we propose for the wat«r-waj ought to 
Iwve Iwen deopened towarda the end to connterbalance the effeot of tlie dceoent. Bnt we are eon- 
aidering it here only as a type of cnlvert designed to coDTejr a large qnantit; of water. 

The aectiou of the Saint lAurent culvert, 
Fig. 7306, appears to as at least at defeclive 
as the one we hare been eiomining : the same 
oonectiona are to be made. By redncio^ the 
height of the water-waj by 2 '39 ft., ^ving a 
curved form to the Bide walls, and doing away 
with the offset, we ebould get a form as atroTie 
as the preaent, more economical by one-third 
of the brickwork, and of suitable dimensions 
to allow the passaKe of a boat, or of a man in 
water-tight boots, if it were coSBiilered unde- 
Rirable to Lave planks supported on brockets. 
Theae sections therefore ought not, in onr 
opinion, to be taken as examples lo be imitated. 

We shall not pursue thia critical Bxamina- 
tion further, onr only object io entering upon 
it at all being to show the great importance 
of carefhlly cunsidering the form of aeotian lo 
be given to a culvert It is not possible, as 
in the ease of pipes, to give typical fonns which 
are always to be imitated ; the engineer toast 

in every case be guided by local circnmstitnoes, the matenai at his disposal, 
and a thorough nuderatanding of bia subject. The conaideratlons mto 
which we have entered are not intunded to remove the necessity for a 
careful study of the question, but to aiako that neceaaity more atrongly felt. 

Calcerta to contain ft/jgs.— Moat of the foregiiing reflectionH are applicable 
lo oalverts intended to receive pipes. We shall oonsider later Ibe queation 
whether pipes should be placed io culverts at nil ; and thongli, in out 
opinion, it is not in general advisable, eapecially for a amati watcr-snpply, 
to construct special culverts for the mains, it is none the leas tran that 
when these culverts may at the aamo time serve for other pnrpoeoa, it 
beoomce expedient to plaoe the pipea in them. A aewer, for instance, may 
be rendered suitable for this purpose by slightly increaaiug its width, and 
this increase of width may be effected at a small cost. E 

Culverts may oonlaiooiie or several pipea; but, in our opinion, they '^ 
ought never to contain more than two, unless different kinds and pressures 
of water have to be conveyed. Multiplying the number of pipea greatly 
inoreasea the cost, and cannot be justified from any point of view. When 
a culvert ia to serve at the same time as a aewcr, the mains are raised npon 
a brick footway iu order that they may not be immersed in the sewage, . 
which immersion would concesl any eacape, and render repairs difSciiit. j 
To make the joints more readily Bocesaible. tho uipcs rest at intervals npon I 
brick aupporta. Instead of a brick footway, which takes np a portion of ' 
the section of the sewer, iron consoles are frequently employed ; three 
possess the additional advantage of greatly fuciJitating the Qrat placing 
and subsequent repairs of the pipes. At tlie some coat, this syatem is 
oerlaiuly preferable; it will be for the engineer to oompare the coat of 
each, according lo the diameter of the pipes nod local circumstunces. 

0/ tU Choice to be made ieficem Conduits and Pipes.— It remains for m 
now to consider the question of knowing in what cases recourse should be 
bad to foroe-mains and to free culverts, or, as they are often calleil, conduits. 

If we conaider the problem of conveying water in an abstract way, both 
systems are applicable iu every case. A line A B, Fig. 7307, being given, 
we may adopt any form of section For a conduit having a sufficient surfsoe 
to convey the given quantity of water; tho conduit or culvert will be 
constructed in a trench or in a tunnel when the water-lino is below ground, 
and upon a wall or upon arches when above ground. As to tho pipe, it 
may always be substituted for tlie culvert by placing it below the line of 
head, and giving it a section about -^ greater than that of the culvert. 
Thus, malhematiC'iIty, one syatem may in every case be substituted fur the 
other; but, KonomicaBy, the question is changed, and each system finds ita 
place aocording to local ctrcnmiituncea. 

When the water-line, or line of hend, is below ground, the culvert poe- 
seases over tbe force-pipe advantages varying with tho syatem adopted, 
and with tbe quanttly of water conveyed. Suppose a amall culvert having, 

for eiampla. a wetted section 12 in. x 6 in. ; if we wisli to subatitule a pipe for this it must have • 
duimeter of abont 9) in. This will cost about 20s. tbe yard run, whilst the little culvert will hardly 
cost 8s. If the culvert is a little larger, and its useful section doubled by m^ing the side woU* 
6 ID. higher, the ooat will be increased by not more than two or three ahilliogs a yard, whilst the 
diomet^ of the pipe would be iDcrectaed to 13} in., and tho cost to about 28«. The Baving woidd 
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tliiu be kboot 18*. tbe jiid. But if for aa immll a qnantitj of wkter k onlfert wen oonttnioted 
laigs enoogh (or ■ man to enter, tbii saTing would vaniah, and there would be an exceu of espen- 
ditare initead, for it would be ditSoolt to oomtmet a culvert for ten tliut 30i. On enteriDg this 
■fitem the relatim eoonom; diminiihes, beoanae the wetted lection is onlj k small frootion of the 
whole. Snppoae in a culvert of this kind, liaving a breadth of l'£r7 ft., the depth of water to be 
1*30 fL, tbe wetted section will be 2*5 ft., and we might substitute for tbu eulrert a 2-ft. pipe. 
Thna it will be eeen that if the culvert cost 33i., the saviDK is oalj s tliird of tbs toUl eipenae. 
It will be greater if we suppose a greater height of water in the cQlverl ; but in that (use it will bo 
difficnlt to enter it while in use; such would be a oalvert of tbe SistkiDd. Ai to culverts like tbat 
of Amneil, Fig. 730?, which oonvej oalj a sbuU quantitj of water, and may be passed tbrongb 
drj-fboted by men in tbe upright postore, tbe; are much more expensive than ^^ 

pipes. The difference diminishes, it is true, with the qoaotit; of water, but '*^' 

we donbt if it can ever become nothing. Thus the Orst of the two calverts ■Apicdup_tU^niat 
at Paris, whioh we have alresdj critioelly eiamlned, cost 301. the jnd run, 
and it doea not eioeed in efficiency three SE^in. pipes, which would not have 
oost half tbat sum. 

The comparison we have made is iuoomplele in manj respeols, for it does 
not take account of maiiy elements tbat ma; derive great importiince from 
the oonditiona in which the engineer Cods bimself pluced. We will remark 
in the flret place, in favour of the onlvert, especisll; that kind which is lar^e 
enongb to be accetaible, tliat it olfers much more securitv for an uninterrupted 
service. Probably to obtain the same degree of secority from pipea, the; would 
have to be doubled, which, as we have said, greetl; iocresses the cost, in tbe 
ratio of 1 to l'S6. Also, if the water forma calcareous or other deposits, tbe 
work of cleansing can be performed much more easily aod at much iess 
expense. But this advantage is of small importance, for water chaiged with such a quantity of 
Bw-bonate of lime ought not to he used. 

The conaideratious in favour of pipes are of another kind. We have snpposed them laid down 
in the track of tbe conduit; but tbut supposition is too unfavourable, ainoe a foioe-pipeisin no wise 
restricted to fnllow tbo developments of tbe line of head over the grouod. To convey water from 
TJles to NimcB, tbe Bomans were obliged to oonstruct an aqueduct 31 miles long, though the towns 
'ore sitaate only 12| mi)ca apart. Wo see that b force-pipe would have been only half that length; 
hence two aavings, that of length and tbat of diameter, resulting from the increase of declivity to the 
yard. The diameter might, indeed, have been reduced in the ratio of I to 0'S7. Again, for the 
reaaoD that the conduit mual of □eceesity follow the line of bead, and all tbe windings of the soil, 
it is often requisite to pass tbrougb valuable lands, the owners of which have to be paid compenso- 
tioQ, whilst the force-pipe, which is subject to no other condition than that of being situate below the 
line of bead, ma; be pluced in the streets, in the roods, or other public properties, where no oom- 
peusatiou is required. This liberty of choosing a course enables suppliea to be given on the way, 
and thus the utility of the service is increased. 

Tbe course or track of a conduit ia subject to more rigorous conditions than that of roads aod 
lailwaya, as it only admits of nearly insensible declivities, and never of oounter deolivitiea; if, there- 
fore, it were abaolutely necessary to follow the Une of the soil, it would assnme an eioeaaive length. 
To stuidge this length, riaiag ground is often cut through and valleys oroHsed by aquJeduct-bridges, 
When the line of head ia io a deep cutting, preference sliould in geocral bo given to the culvert 
nther tbnu the pipe ; the latter would require the same trench and probably tbe same expense as 
the onlvert, but being situate so far from the surface, it miglit fracture or the joints give way, 
without the Bccident oeing perceived, for tbe water not being able to reach tbe surface, oolUd And 
eecape only in a lateral direction. And tbe senrch for defects would be so difficult and expensive 
that it would be necessary probably to place the pipe in a culvert where it would be ncoeesihle at 
M times. It will therefore be much more simple to put the water itself into the onlvert, and so 
WTe the cost of the pipe. 

Omeral PriacipUi on Vie Choice of Condiata.^-'WB must conclude, then, tbat the problem of the 
eoonomical oonvuvance of water is eminently complex ; and that the engineer must call to his aid, - 
noeording to looal oircnmstaDces, all tbe various systeins, each of which has its proper plaee, but 
which cannot be determined b; any precise rules ; he nmy, however, be guidedf by the following 
general considerations ; — 

Canals are snited for the conveyance of large (Quantities of water through a level district. 

The aqueduct is suited to moderate quantities when tbe level of the snppt; is reached by 
tonnelling. 

Pipes are best suited for tbe conveyance of small quantities of water from great heights. 

Aqueduot-bridees are only odmiosible for the couveyanoe (^ large qnaatities of water, and when 
the suppl; is not obtained &om a great height. 

Bipbous sholdd ooly be oonstmcted in order to carry the suppl; across a stream. 

It is only b; a complete and detailed study that be will be able to arrive at a knowledge of the 
■ystems best suited to each particular case, and these will often, have to be modified according to 
the reeourcee wbicli are at bis disposal. 

Hitherto we have been ocoupied in determining tbe sections, inclinations, and so on, which must be 
given to a conduit in order that it may fumiah a certain quantity of water : this, as baa been seen, 
a always an easy question to solve by analytical fomnlie. But tbe distribution of water presonta 
another queatioQ moch more complex and intereatiag; that is, to determine tbe course of the 
ooudnits which will give the resnlt souglit witli the leant possible outlay. 

Dutrihulion of the Pi/Ks. — In a previous arliclo an Pipes we entered in detail into tlie questions 
relating to the maDufacture, the quality, and tbe requisite diameters of iron pipca for a town 
water-oupply, and wo described the most approved modi:s of laying them, pointing out at the same 
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time the influence of contour of section, or position, of the pipes with respect to the horizontal. It 
would therefore be superfluous to introduce those questions into the present article. There yet 
remains, however, one other question relating to the laying of pipes that we have not considered, 
but which is of great importance, namely, the course of the mains, or distribution of the system of 
pipes. This matter id freauently made subordinate to inferior considerations. But the engineer 
who aims at economy ana designs his plan intelligently will make it one of the objects must 
deserving his attention. By carefully estimating the quantity of water to be delivered at a certain 

g)iut, and adapting the diameter of the pipe thereto, a consiaerable saving of cost may be effected, 
ut a much larger saving will result from a good distribution of the mains. Indeed, there is hardly 
a limit to the economy that may be realized by a skilful distribution, nor to the expenditure to 
which an unskilful one may lead,. 

Of course, it is impossible to do more than lay down general principles ; for what is applicable 
to one locality is impracticable in another. The necessity of laying the mains along the streets 
greatly limits the choice of relative positions, and leaves only a few routes open to the engineer. 
The choice is, however, less limited than it appears to be at first sight, a fact anyone may convince 
himself of by a careful study of any town map. But general principles will be of great service to 
guide the engineer in making this choice ; for though he will seldom or never be able to follow the 
lines which theory requires, if he knows what these theoretical lines are, he will be in a position to 
approximate to them in practice as closely as circumstances will allow; and in such a case, however 
wide the approximation may be, he will have the satisfaction of knowing that the distribution he 
has designed is the best that the nature of the locality rendered possible. 

As an illustration of the degree of economy to be realized t>y a 
due attention to the question under consideration, we will take a very ^ '^^* 

simple example. Suppose it be required to deliver a certain quantity 
of water, say 200 gallons a minute, at the point a. Fig. 7309, and 
100 gallons a minute at the point 6, from a principal main A B. It 
is obvious that the most economical way of accomplishing this is to 
lay the pipes am, bn. But if the points to be supplied were situate : 

at a greater distance from the main, as a' b', it would bo far more | 

economical to lay the secondary main p 7, and to reach the given points I 

by branches q a\ q b\ This example is almost self-evident ; but cases • 

will arise in practice where a careful calculation will be necessary to j 

determine the question. There will, of course, be other conditions to 
take into account, among which the character of the ground will be 
the most important 

An important fact to be borne in mind in designing a distribution 
is, that the cost of conveying a determinate quantity of water, as a 
cubic foot, through pipes, decreases as the total quantity increases. 
Consequtmtly there will always be an advantage in concentrating the masses of water to be 
conveyed, instead of dividing them among a number of smaller mains. The cost of the pipes 
through which the water is conveyed does not increase as the quantity of water, but only as the 
\ power of that quantity. Thus if the cost of conveying 100 gallons be A, the cost of 200 gallons 

will be 2* A = 1 • 32 A, and that of 300 gallons will be 3^ A = 1 • 55 A. That is, if 100 gallons can 
be conveyed for 1/., three times that quantity can be conveyed for 1/. lis. ; and so on in the same 
proportion. 

Another question demanding attention is the intersection of branches by the mains, or of 
secondary by the principal mains. The position of the intersecting main shoidd be towards that 
end of the branch at whicii the supply is attended with the greater difiiculties, either by reason of 
tlie difierence of level or of the quantity of water to he delivered. When the two ends are sensibly 
on the same level, the length of the branch should be divided pro|)ortionally to the squares of the 
discharge. If, for example, the delivery at one end of the branch is 100 giJlons and at the other 
end 200 gallons a minute, the point of intersection will be situate towards the latter end of the 
branch at \ its total length from it. This condition will, however, usually require modification, as 
it would lead to a too circuitous route for the principal main, and so occasion additional cost in 
the latter. The best theoretical courm^ will be that which without deviating from the straight line 
pass( 8 nearest to Uie points of intersection determined in the foregoing manner. 

From the preceding general principles, we may deduce a typical distribution which shall serve 
as a guide in every case that may occur in practice. In this typical case the ground is supposed to 
be sensibly horizontal, of the same eharacter throughout the district, and wholly free from obstruc- 
tions. Local considerations are thus completely eliminated. 

It is evident, from what we have stated above, that this district should bo divided into two sym- 
metrical portions by a principal main. We shall suppose the diameter of this main, as well as that 
of all the others, constant ; for when wo have solved the problem according to this hyi)othesis, it 
will be a simple matter to vary the diameters in accordance with the quantities to l>e delivered. 
Thus the question is reduced to that of distributing the water upon one side only of a main con- 
sidered as an inexhaustible reservoir. Evidently the distributing pipes must be supplied from 
mains perpendicular to the principal main ; what we have to detenuine is their positions, lengths, 
and diameters. For greater simplicity und clearness, wo will consider one of these mains B D, 
Fig. 7310, separately. A moment's reflection will show that t1ie limits of the area which should be 
supplied from this main will bo given by the lines B M, BN bisecting the right angles at B which 
B D makes with the principal main ; for according as a point is situate to the right or to the left of 
the bisecting line, it will be nearer the principal or the branch main. The branches from B D and 
B C, as a 7 and a />, should therefore never extend beyond the line B M, because such an extension 
would involve a waste of pipe. Hence it follows that upon the line ABC there should be no other 
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brancb of the mae importaiioe as B D, that is, of the snme diamoter, unlil we reach a dietance from 
B equal to B D, or in other words, until B C = B D, Tlie area of this new branch will be Bimilnrly 
limited by the bisecting line D, thiB area beiu); C m H, oa that of D B is B ni D, and tliat of B 6 
is B m C. If tbeM three iaosoelee reotaugular triangles are so laige as to muke it Qeoesesry to have 
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other branchea, it U obvioDS that they Bbould divide the basea B D, B C. and C M into two eqnal 
parts ; for if the; do Dot occupy that position tlie coat of the aecomlary branches trill bo increased, 
as we liave already denHinstraled. It this reesoning be continued throughout the district, we shall 
obtab the typical distribution Bought, which diatribution is represented iu Fig. 73II. In this 
diagram the unportanoe of the sevenl lines o[ pipe is shown by eraduating the thickness of the 
lines, the thinnest lines representing ihe pipes that supply the Bmaltcst areiis. These nreas, which 
are shown by dotted lines in the disgmcii, are squares constructed upon the pipes as diagonals, and 
they increase l^ geometrical progression, the ratio of which is 4. Ilenco it may be shown, that if 
the diameter of'^one series of pipes be if, that of the next larger series will be 1-T5 d. Also it may 
be seen t^m the diagram that the length of one series of pipes is always double that of the 
preceding series, ss it has to oonneet all tlie other series. 

A knowledge of the general pricctples which we have been discussing, and which are 
illnstrated in this typical distribution, will enable the engineer to design liis system in the 
most economical way compatible with the conditioos impoMd on him by the oircumstaDoea of 
a given case. 

It is evidently impoesible to foresee all the casei whicli msy arise in practice, and la apply to 
them the general principles which wo have just eiploined ; but we can, at least, (ncilitale the 
niaearoh by a few examples, showing the advantages and inconveniences of the various means 
which may be adopted. 

Let us suppose the water brought and taieed to a certain point 0, Fig. 7312, which we will 
call the point of dlBtribution ; the lerel of this point will, of course, rule the height of the Bcrvioe- 
pipes. For engines forcing the water directly into the ascending pipe, this point ebould be con- 
sidered as being situate at the height which would be given by a manometer placed upon the 
pipe. The point of distribution may be situate either within the boundary of the district to be 
np^ed, or outdde it; it will evidently be BufBoient to examine the latter case, which will in its 
application include the former ; as when the point of distribution is eitnate outside the district 
to De supplied, the first thing to be done is to carry it inside by means of an aqueduct or conduit. 



laia. 




Let A B C D E F, Figs. 7312, 7313, be n polygon enclosing all the points to be supplied, and O 
a point on the outside, from which the water must desoend to all these points. The water ralBed 
by an engine may be conducted by an aqueduct, when there is sitnato neei the engine a hill 
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mnolDg in the direotian of ths distriot to be npplied. We miut then make the Moeoding ^pe du- 
ohwge at sneh » height on the nininiit of the lull b« will allow the aqaeduot to hSTS saffident fUl. 




DtterminatiM of lAc Diamettr of the Aicmding Colamn. — Whether we sd(^ thia latter anangement, 
or oondoct tbe pipe u for u the boundary of Uie distriot, there is always a first pipe, the diametsi 
<a whioh IB arbitra^. la praotice, whaterer may be its dimensions, we can always obtain from it 
the head necessury bir the dischaige of a given quantity of water, by means of a more powetfal 
ensine and a larger conBomptioa of coal. Thne, if we had to raise 8 cab. ft. of water a seoond 
a height of 165 ft, by means of a Btenm-engine, and if the diameter of 16 in. gives a loos of head 
of 35 ftj the prubtem will evidently be solved b; an engine of 85 horse-power, the coat of whioh 
can easily be calculated ; and it would be the same for a pipe of any diameter, as, for instanost 
one of 12 in. giving rise to a Inseof bead of 35 r^)f= 41 '6 ft, will require an engine of 71 horss- 
power, with a corresponding ooneninptioD of oou. The qoestion to lie determined is, Will the savillg 
effected in the risiaK main compensate for the extra ocat of the engine ? In a word, in every qneatioii 
of this nature, tbe object souglit is to find tbo diameter which will give the minimum of ezpenditme. 

Limit of Iht Aqueduct at tht Boarutiriti of (Aa DiitrSmlion. — As we have already said, the water, 
on leaving the engine, may be conducted directly to the boundary of the district to be supplied, 
either by a pipe or an aqoedurt. If tho district Ib suited to the combination, the aqueduct may be 
[uolonged to the point where tbo force-main commences to present advantages. But it is evident 
that the aqueduct can only be ouried over the boundary-line of tbe district on an eabenhineDt, ss 
it must of necessity be above tbe surRice wliich it has to supply. We ehull therefore be obliged 
to arrest this work at a certain point U, Fig. 7313, near to tbe boundary, and from there start 
the foroe-mnin. The nature of tbe district will sometimes admit of the aqueduct being prolonged 
parallel to the boundary, in such a manner that most of (he service-pipes can etajt directly from it. 
But before adopling tliis coutbo we must carefully tiamine the eipenso to which it will lead. In 
&ct, the developmbut U N of the aqueduct, and tlie length of the branch-pipes outside the 
boundary, will be altogetlier lost for iutcrmediate service ; and it is rarely that we cannot obtain a 
more advantageous arrangement by stnrting directly from M with a force-main, for this pipe, dis- 
tributing the wikter to right and leli, vrill allow the branches to decrease in length and diiimeler. 

Neoitsity and Foaitioa of Diatributing Jlcaercoirs. — It is hardly possible for a distribution of water 
to be carried on without a reservoir; for tbe consumption is variable, whilst the supply is 
constant. Tbe water brought by natural courses, or raised by hydraulic macliinei?, is ooiistant 
during tbe twenty-four hours; whilst the consumption in general goes on only duriuR twelve 
hours ; and during these twelve hours the consnmption is not regular; so that, even with steam- 
pumping machinery, we are obliged to have a reservDir in order to prevent waste of wat«', tbe 
supply ot which, at certain moments, exceeds tbo consumption. Besides this, a reservoir allows of 
the machinery being stopped fur repairs, without interfering with the service. It is, then, almost 
indiepensable; end the only question to be decided is its situation and cspnoity. 

If the reservoir were placed at the head of the aqueduct lonards H, Fig. 7813, the dimensioni 
or the aqueduct ehould be such that it will discharge, not the product a second of the engine or 
spring, but the maximum consumption a second. But this consideration would often greatly 
Increase the oast of tbe aqueduct ; and mnre than this, any accident or repairs amnng the network 
of service-pipes would interrupt the service. If tbo reservoir were placed towards M, its positioo 
would be better. Tlie aqueduct, reduced to a minimum section, and consequently to a miir>'""™ 
ooct, may be, according to the capacity of tbe reservoir, closed for a greater or shorter time, w 
Interrupting the service; but as tbe pipe M X d D B from the reservoir must be of suj 
diameter to discharge the maximum oonsumption, any repairs at X wonld stop the sarvice. 

If, on the contrary, the reservoir were placed at B, the end of tbe principal conduit, wi 
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aoddent might happen, it would only cause a suspengion of the seryioe between the nearest neighbour- 
ing Btop-co(^. Besides this, as the pipe M X </ D B is fed from both sides during the time of the 
neatest consumption, its diameter may generally be much smaller than in the preceding example. 
The extreme end of the principal pipe, which traverses the boundary, is then the position which 
best satisfies the conditions of a good distribution ; but several circumstances will often interfere 
to cause us to prefer another situation. The cost of the reservoir, which, as we have already seen, 
varies considerably, according to the nature of the surface of the district, is one of the most 
important. If, for example, the level at B, sensibly below M, only allows of the constraction of a 
reservoir to carry on the distribution during tiie time that the direct service is interrupted, we 
should, in that case, only erect a reservoir to take the surplus water during the time that the 
oonsmnption is at its lowest. It should be borne in mind, when making comparison between the 
various systems of distribution which may be adopted in anv particular case, that the principal 
^ reservoir should be placed at a sufficient height to command eiX the orifices of discharge ; and that 
* it is advantageous to place it at the end of the main, which starts firom the origin of the supply, 
and traverses the boundary of the district 

Concerning the capacity of the reservoir, it cannot be too large ; for the larger it is, the longer 
the time during which repairs may be carried on without interrupting the service ; its capacity will 
be determined oy the facilities which we have for its constraction, and the chances of interruption 
to which the supply is liable ; and we have to determine upon a minimum. The same may also bo 
said of the height and the depth : the overfiow cannot be too high, nor the bottom too low. The 
height will be limited, either by the level of the source or the power of the engine, and the depth 
must be such that it will still he able to supply the highest orinces when the water has desoenaed 
nearly to the bottom. 

Instead of one reservoir, we might have scveraL Thus, one might be placed at M, another at N, 
and another at G ; in these two latter positions they would have the advantage of increasing the 
power of the conduits at the ends of which they were placed. It is well in all cases to reserve to 
ourselves the power of adding fresh reservoirs to the system, according as necessity shall call for 
them. 

The considerations which we have just been explaining apply with equal force to the case where 
the water is brought ftrom the source O bv means of a force-pipe O F 6. But then we shall have 
to consider if it will not be better to divide this conduit into two pipes of equal diameter, so that in 
case of repairs the service may not be interrupted. Bearing in mind that one of the effects of this 
arrangement will be an increase of *40 in the cost of the rising main, we shall have to determine 
whether the advantages of the system will be a sufficient compensation for this increase. 

Purification of Water, — ^For this section we are entirely indebted to the writings of Ernest 
Theophron Chapman. Chapman observes that waters contaminated with animal and vegetable 
matters are puriued in nstare by the gradual oxidation of their organic matter, aided by subsidence, 
and, in some cases, by filtration through porous strata. The processes of evaporation and condensa- 
tion which give rise to rain are also natural methods of purification. 

Water is purified artificially by distillation, filtration, and by formation of a precipitate in the 
water. 

DistiUation is seldom resorted to for drinking purposes. It is employed at sea, and we believo 
that on the coast of Chili sea-water is regularly distilled for domestic use. It is, however, not 
smffioiently used to interest us here. 

Filtration is the most common method of purifying water. If a water contains solid particles 
of a given magnitude, and we pass that water through a wire gauze, the meshes 6f which are of 
smaller diameter than the particles, we shall, of course, separate the particles, and unless either the 
gauze or the particles are elastic, the rate at which the operation is conducted will have no effect 
on the result. But in filtration, as ordinarily conducted, speed affects the result to a very great 
extent. In filtering through beds of sand, we may roughly say that the effect of the filtration will 
be almost inversely as the speed at which the filtration is effected. 

If a bottle full of slightly turbid water be laid upon its side, and allowed to stand for twenty-four 
hours, and then examined, it will be found that the sediment has not only deposited itself on those 
parts of the glass to which gravitation has carried it, but that, though thickest at the bottom, it has 
spread itself much higher up, and in many cases is even to be found adhering to the top part of the 
glass. This circumstance has doubtless much to do with filtration. 

There is, however, another consideration wliich will perhaps be most easily explained by an 
example. When softening water by Clark's process, we obtain a precipitate of finely-divided 
carbonate of lime. If this operation be conducteii in large glass vessels, we can watch this process 
of depositing the precipitate. If we do so, we shall observe that the first sign of clearing takes 

Slaoe at the top, a layer of quite clear water making its appearance, and gradually extending 
ownwards. If we ask how this water has become clear, the only answer that can be made is, that 
the precipitate has moved down to the layer of water beneath it, and thereby rendered that layer 
thick, for had the precipitate not descended into it, it would, like the top layer, have become clear. 
In the same way, this second layer, by its depositing, renders that beneath it turbid. If such a 
yessel of water took six hours to clear, we should expect that bv dividing it into six layers by 
means of five diaphragms, equidistant from each other and from the top and bottom of the water, 
that the water would clear in one-sixth the time, or one hour. On making the experiment, this is 
found to be the case. To test this matter more fully, what may be called a subsidence filter was 
constructed. It consisted of a wooden box 12 in. square and 20 in. deep, conteining 24 plates of 
sheet zinc, f in. apart. Each plate had six holes punched in it, 1 in. in diameter. Tne holes 
were near to the side, and had their edges turned up a little ; the plates were so arranged that the 
holes were not opposite each other. A small tap came from just oelow the lowest plate. Another 
box like this, but without plates, was also constructed. Both boxes were charged with freshly- 
softened water, conteining chalk suspended in it. The water took about eight hours to dear in the 
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box without the plates, and was quite clear in the one with the plates at the end of twenty-five 
minutes. This box of plates was next used as a filter, by sending a slow stream of water charged 
with suspended chalk through it. About 1 1 gallons an hour of quite cletir water could be drawn off. 
If the speed was increased much bt-vond this the water was no longer clear. To render the analogy 
between this filter acting entirely by subsidence and the common sand filter quite plain, the box 
without the plates had a piece of coarse wire-gauze stretched across it ju8t above the tap. . It was 
then filled with slate chips, and water containing chalk in suspension, as before, filtered through it. 
The action of this filter was exactly the same as that of the plate filter, except that more water 
could be passed through it in an hour without turbidity. If, however, more than about 15 gallons an 
hour were passed through it, the water was slightly turbid, and if the quantity was increased to 20 
gallons, it was quite so. Some experiments, substituting very coarse tand for the slates, gave 
analogous results. 

Now, the analogy between the last experiments and the subsidence filter is dear ; and we may 
safely draw the inference that a portion of the work performed by a sand filter is due to subsidence 
within the filter itself, the particles of sand serving as plates. This is almo>t proved by the fact, 
that we can force much of the matter removed by such a filter through it, by slightly increasing 
the pressure of water, which would not be the case if the filter acted as a strainer. 

The common process of filtration through sand is therefore an operation comprising three distinct 
methods of purification: — Straining; removal of matters by adhesion to the sand; subsidenco 
within the interstices of the filter itself. 

The first method will vary with the size of the apertures through which the water passes ; the 
second, with the amount of surface in the filtering medium in relation to the amount of water ; the 
third will vary with the speed at which the water travels, and with the size of the aperture through 
which it passes. 

Some filtering media are said not only to remove organic matter, but to destroy it. They are said 
to do this by causing the or*;anic matter to combine with the oxygen contained in the water, and 
thus convert it into innocuous compounds. Foremost amongst the compounds said to possess this 
property stands animal charcoal. Beyond all doubt, animal charcoal has a wonderful power of 
freeing water from organic matter, and it does to some extent oxidize the organic matter; but 
whether to a greater extent than can be accounted for by the oxidation always going on in water 
exposed to the air, is a question which admits of much doubt 

The only process of purification by precipitation requiring detailed remark is Clark's softening 
process. Waters to which this method of purification is adapted are such as contain carbonate (^ 
lime retained in solution by excess of carbonic acid. The process consists of adding lime to such 
waters until the excess of carbonic acid is neutralized ; when this has taken place both the lime 
added and that in solution are precipitated as carbonate, a minute quantity remaining in so]uti<Hi, 
as carbonate of lime is* not abt»lutely insoluble in water. By this process not only is the water 
softened, but a very large proportion of the organic matter contained in it is removed, and if the 
water be coloured, the colouring matter is also entirely or in very great part removed. 

The following examples will indicate to what extent the organic matter is removed by this 
process; — 

Pabts per 1,000,000. 



Free Albuminoid 
Ammonia. Ammonia. 



Free AlbamiDoU 
Ammonia. Ammooia. 



y /Before Clark's process 001 0-05 j^j /Before Clark's process 0*015 022 

^* \After „ „ 001 002 ^^^' \After „ „ 0*020 007 

jT /Before Clark's process 0*025 0*22 , ^^ /Before Clark's process 195 12 

^^•\After „ „ 030 08 1 ^^- \After „ „ 0*15 05 

It is to be observed that the organic matter removed can be proved to be present in the chalk 
precipitated. 

The process presents so many advantages, and is so simple, that we are surprised not to see it 
in general use, and naturally expect to find on investigation that it bus some great drawback. This, 
however, does not appear to be the case. 

The only other methods of purification by precipitation which have been eulopted to any extent 
are the addition of alum to the water, and the addition of a persalt of iron. In both cases the result 
is the same, a precipitate is formed which carries down with it a very large proportion of the 
organic matter, sometimes as much as thi-ee-fourths. 

Filter Beds.— Two systems of filtration are in use for filtering water on a large scale, the artificial 
filter, and the natural filter. 

The artificial filter btd was designed to got rapidly rid of that very light portion of the sediment 
carried by river waters, which takes some time, a fortnight or more, to subside under ordinary cir- 
cumstances. This clayey discoloration, though trifling in weight, renders the water very objection- 
able in appearance and in its application to any of the arts or manufactures. That portion of the 
sediment which, from its greater weight, subsides rapidly, say within twenty-four hours, can be 
more economically got rid of in subsiding reservoirs. The successful use of the filter bed pre- 
supposes the preparation of the water in a subsiding reservoir. Wherever the attempt has been 
made to use filter beds without that preliminary aid, they have either failed altogetlier, or 
rendered the water but partially clarified. In some places, the largo valley reservoirs required for 
compensation and flood storage perform for the filter oeds the functions of a subsiding reservoir. 

The materials used for filtration on a large scale are sand, gravel, and broken stone or shingle, 
the depth of the whole varying from 5 to 6^ ft. ; a layer of shells has sometimes been used, placed 
within the stratum of gravel, but this is not found essential, and is now generally omitted. 

It will be convenient to consider here the most appropriate size for a filter bed before giving the 
arrangement and thickness of its materials. The sizes in practice will be found to be very variable^ 
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and aeeminglj to haye followed no regular standard. The first filter beds at Chelsea proved incon- 
Tonientlj large, and have since in practice been divided. The new filter beds at Stoke Newington, 
London, the filter beds at Liverpool, and those now under oonstniction at Dublin, are fair specimens 
of modem practice, as applied to large cities. For small cities it is found convenient to make the 
dimensions proportionalfy smaller. The areas of these are 45,000, 30,000, and 22,550 sq. ft. each, 
respectively. Their forms are rectangular, 800 x 150, 300 x 100, and 205 x 110. At Stoke 
Kewington, with a delivery of 12,000,000 imperial gallons daily, there are five filter beds in use 
now, and two projected, making seven in all when complete. In Liverpool there are six, for a 
delivery of 9,000,000 to 12,000,000 imperial gallons. At Dublin, for an assumed delivery of 
12,000,000 imperial gallons, there are seven filter beds in process of construction. 

Each filter bed, at short Intervals varying with the condition of the water, must have the deposit 
which accumulates on the surface of the sand cleaned off or removed, and while any one is under- 
going this cleansing process, the other remaining filters must be competent to deliver the required 
supply without overstraining their functions. If, then, there are six filters, five of them must be 
competent to the full duties of the service, and if eight filters, seven of them must be competent to 
this duty, on the supposition always that not more than one filter will at any time be off duty. 
Should the circumstances in effect render two unserviceable, the remainder must have area enough 
to meet the requirements of the case. 

We see, then, that the smaller the filter beds — with the condition, however, that not more than 
one shall be off duty at a time — the smaller will be the total area of filtering surface required for 
the particular duty. The materials available for construction, and their cost, will also measurably 
influence the dimensions to be adopted, and it must always be borne in mind that although there 
may be but one filter off duty, it will frequently happen that another is nearly unserviceable. It is 
therefore found best to give a liberal area of filtering surfiEUie, to be prepcured for all the contiu- 
genciee of the service. 

The bottom of the filter bed is prepared to suit the circumstances of its position. It must be made 
practically water-tight. This is sometimes ensured by laying concrete on the bottom, but quite as 
often by a layer of hard clay puddle 18 to 24 in. thick, over which a fiooring of brick is laid ; where 
the ground is more than usually bad, both the clay and the concrete may be used with advantage ; 
when concrete is used the brick paving is not essential. Upon this flooring a central drain, 
running lengthwise, is laid, with wnich are connected on either side small tubular drains of 6 to 9 in. 
diameter, prepared for this purpose, the sides being pierced with holes to &cilitate the entrance of 
the water. These side drains are laid nearly at right angles to the central drain, and from 8 to 12 ft 
apart. The central drain is frequently a double drain, performing two ofiSces — the lower part, 
wnich is covered, gathering the filtered water, and the upjper part, which is open, delivering the 
unfiltered water upon the sand, when refilling a filter bed immediately after cleansing, and in use 
then only for that special purpose. This central drain is sometimes of brick, and sometimes of stone 
covered with stone flagging, the side walls of the lowest 12 in. of the drain being in either case laid 
dry ; the water-way for this size of filter should not be less than 30 in. wide by 15 in. of height. 

A little refiection will show that the lateral drains can hardly be placed too close together, for it 
is desirable that the filtered water should fiow to the collecting drains with as slow a velocity as 
possible ; and the further these drains are apart, the greater must be the amount of water running 
through each drain. 

This drainage skeleton rests on the base of the filter bed, and becomes the means provided to 
collect the filtered water and deliver it to the outer passages or wells. Upon the fiooring of the 
filter beds, and covering the gathering drains as well as filling up the intervening spaces, a layer 
of broken stones is laid, large shingle or quarry spauls. The stone should not be larger than will 
pass through a 4-in. ring, nor less than wul pass through a 2-in. ring, and they must be clean and 
free from earth or quarry rubbish. 

The shingle so called is obtained in England from cocu'se gravel or beach deposits, and is 
screened to the size wanted. 

This layer of broken stone must be 24 in. thick to cover efficiently the pipe drains. Upon this 
layer of stone properly levelled ofi^ from 18 to 24 in. of gravel is laid. This gravel is usually screened 
into two or three sizes, the larger of walnut size, the next of the size of a hazel nut, and the third 
between that and pea size. The largest size lies upon the broken stone, the smallest size at the 
top, the layers 6 in. thick each. Over this gravel there is laid not less than 30 in. of fine sharp 
sand, screened to ensure the requisite degree of fineness and uniformity. The lower 12 in. may be 
a little coarser than the upper stratum of 18 in., but it is important that the two layers should be of 
uniform fineness and quality throughout, otherwise there will be danger of the water passing 
tlirough more rapidly at one point than another. The whole depth of t£ese materials amounts to 
five feet eight inches, 

f*rom the ends of the pipe drains, as well as from the end of the central drain, small cast-iron 
pipes of 4 in. diameter, rise to the surface of the ground to enable the air to escape while the water 
IB oeing first let on upon the filter bed. 

In England the sides are usually paved with brick or stone to slopes of from 1 to 1 to 2 to 1. 
In Korth Germany the side walls have to be vertical on account of ice, and the depth of the water 
over the filter becls is not less than 4 ft. 

In the worst stages of the English rivers a filter bed has to be cleansed once a week, rarely 
oftener. The stuff, whether sediment or otherwise, intercepted by the filter, is found collected on 
the surface of the sand ; in the process of its removal, a thin paring of sand is necessarily taken 
with it, not exceeding from J in. to f in. in thickness. The impurities carried by the water are not 
found to have penetrated the sand. The paring of sand is usually cleansed and laid aside for future 
use, except when fresh sand can be procured at less cost than the washing of the old sand. The 
thickness of the sand bed is allowed to be reduced by these repeated parings from 8 to 12 in. before 
it is renewed. 

9 K 
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The original thickness of 30 in. of sand becomes then bnt 18 or 22 in. before it is replaced and 
brought up to the original lines. The renewal is usually made onoe in six months, sometimes bot 
once a year, as the convenience of the service may permit. 

At each cleansing of the filter bed the sand is loosened by forks for some 6 to 8 in. in depth, and 
afterwards raked smoothly over. 

The sand is liable to pack dose if the cleansing is too long delayed. In such case the weight 
of the water is felt upon the sand ; in the usual state of the filter it is not so felt. 

The filter bed is usually filled with water from above by flowing it slowly upon the sand either 
from one point in connection with an overflow drain, or from seversd points on the side of the filtw. 
It would be safer and more convenient as regards getting rid of the air, to fill it from below by 
means of the drains there ; but if this were done with the uncleaned water it would distribute its 
impurities all through the filter. The filtered water may, however, by suitable arraogem^itB, be 
made available for mis service. When the filter has been once filled it is not necessary to empty it 
entirely at each cleansing of its surface. 

The lowering of the water 12 to 18 in. below that surface will afterwards be sufficient to admit 
of the workmen removing the crust of sediment collected upon it. 

To ensure the perfect cleansing of the water by the filters as well as to prevent any disarrange- 
ment of the materials of which tney are composed, the velocity of movement of the water must 
be very slow. The average rate is § gallon a minute for each square yard of sand surface, which 
is equal to 3| gallons an hour for- each square foot of sand area of the filter bed. James Simpson, 
who may be said to be the originator of tiie method of filtering now in such general use in 
England, is of opinion that the filtering surface should be predicated on a rate of 72 gallons a day 
for each square foot of sand, which is eoual to 3 gallons an hour a square foot. 

TV hen the flow of water through the system of filters during the twenty-four hours cannot 
be made uniform, that is to say. when, as is sometimes the case (in the absence of an intermediate 
clear water basin), it varies with the consumption, being greater during the day hours than during 
the night hours, the combined area of the filter beds in that ease should be made to meet the 
maximum or daylight consumption of the service an hour. 

The filtered water from each filter bed should be delivered into a smsdl well, whence it esc^ws 
into the Proper conduit, and is carried either to a common clear water basin, or directly to the 
pumps. The sluices at this well can be so arranged, by operating downwards instead of upwards, 
as to adjust the h^td of water actually in action upon iiie filter bed. When the filter is clean, 

9 in. of head will produce the required flow through the filtering material; according as the 
sediment becomes deposited on its surface, this head has to be increased to 2 or 2^ ft., varying 
a little with the character of the sand. If the head be allowed to exceed 3 ft., it is because the 
surface is being rapidly dosed ; the weight of the water comes then into play upon the sand, indnoes 
the packing already referred to, and leads to the labour of loosening up the material during the 
process of cleansing. Sometimes when this amount of head is exceeded, the pressure leads the 
water to break through at points where some slight difference in the material gives it opportunity. 
It will then flow through in veins, damaging the filter bed ; but such overstraining of the filths ii 
rare. 

Natural Filters. — Bordering upon all rivers there are found at intervals narrow plains of gravel 
or sand brought down and deposited there by the river under the varying positions of its channel 
way. When these beds of gravel extend to a depth below the bottom of the neighbouring stream, 
they will always be found saturated with water mainly derived from that stream, and bowerer 
turbid the water of the river, this undergroimd fiow will always be found clear, provided that we 
tap it at a reasonable distance from the channel way. 

Covered galleries are carried through these beds of gravel at depths sufficiently below the 
channel of the neighbouring stream to ensure a supply of water within the gallery during the loweit 
stages of its water. The water in these gravel beds rises and falls with the height of uie water in 
the river, and unless the galleries were placed below its lowest water they would obviously beoooe 
dry and would cease to deliver at its lowest stage. These galleries are of various sizes and of 
various widths, 8 to 30 ft. in width being the latest practice. But the exj>erience of one place will 
seldom be applicable to another. The character of the neighbouring stream and the fineness or 
coarseness of the gravel or sand in which the galleries are placed, influence importantly the rate of 
supply. 

Figs. 7314 to 7317 are of the filtering galleries at the Toulouse water-works. The population of 
Toulouse is stated to amount to 100,000 souls. The water is derived from the Gkironne, indiieetly, 
by means of subterranean galleries situated in a bank of gravel on the left bank of the river. The 
sources of the Garonne are found on the slopes of the Pyrenees chain of mountains, in the depart- 
ment of Ariege. The velocity of the river at Toulouse averages ordinarily 1 m^^ a seoood, or 
about 2} miles an hour. Inmiediately opposite the filtering ground the veiodty does not exceed 
2 miles an hour, the dam erected a short distance bdow having modified importantly the ounent 
there. The bank of gravel and sand in which the galleries have been constnicted lies within the 
cit^ limits, but in what may be called the suburbs ; the dense portion of the dty lies below thu 
pomt as regards the river, and upon its opposite bank. 

It is important to understand the relation of this gravel bank to the lowest stage of the GaroniM*, 
and to its flood waters. The surface water of the Garonne at its lowest stage is recorded to have 
stood 433 ft., 132™ 09, above the level of the sea. The surface of the gravel bank referred to 
is on an average 136 metres, 446 ft., above the same level, or about 13 ft above the lowest stage of 
the river. The river fioods rarely cover this bank ; in long intervals, however, extreme fioods set 
over it, and the one of 1832 rose to 451^ ft., 137*69, above the sea, covering this gravel meadow, 
therefore, with some 5^ ft. of water. The rise of the river in ordinary fioods may l^ taken at 8 to 

10 ft. In the highest flood on record referred to it rose to 18 ft. above the lowest water of theiiw 
opposite to the present pumping engines. 
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S-8D ft. stroke. The delWery BTerageB 5000 cabio m^tre* a day. Each set of four pompe deliyers 
Ha water into B Tsrtioal pipe of ] in. diameter, whioh ia carried up the pnmp-nouse tower to 
a height of 66 ft. aboTe ordinary water of the river. At this height, the waters of the two rising 
mains are delivered into two city mains of the same diameter, and the head thos aoquired enable* 
umneroiiB fonntains to be well supplied, and admits of the lower stories or gromid Qoors of many of 
the honaee receiving the water into the house. Id this last reipect, Tonlouse is at present very 
imperfectly aocommodated. There is no rcserroir connected with the pnmps, which are therefore 
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neoeasarily kept perpetually at work, except aa one wheel must be ooeasioiiaUy intermitted for 
repairs. 

The new works include a sufficient reseryoir to defend the city against aooidents to the works, 
and to admit of their more leisurely repair and examination. They are so arranged aa to admit of 
the water being received into the highest stories of all the buildings. 

The form and size of the gravel bed in which the filtering gaUeries are situated will be best 
understood by reference to Figs. 7814 to 7817. The deposit consists of gravel and sand of different 
degrees of fineness, its surface, however, covered with a thick bed of rich soil. The whole rests 
upon a compact tura or marl, and tiie depth at which any filtering galleries can be laid is limited by 
this impervious base. The surface of the marl is situated here about 12 ft. below the low water of 
the river. 

As much of the body of sand and gravel lies below the level of the water in the river, it is 
Faturated with water, and this water, although evidently derived from the river and its affluents, 
has passed through such a width or depth of material at a very slow velocity, on the wide plains 
above, that it has been deprived entirely of the matter which gives the muddy hue to the stream. In 
the filtering galleries, therefore, it is found colourless and limpid. Immediately under the bed of 
the stream, or In too dose proximity to it, this result would not probably have place. The first filter 
gallery or drain G D, Fig. 7314, was laid at a distance of about 60 n&tres, 197 ft, from the bank. 
The liottom is situated only about 4 ft. below the lowest water of the river. The form is square, the 
interior width 1 ft. 8 in., the height 8 ft. The side walls were of brick laid dry, with a flagging stone 
for the cover, and with no paving on the bottom. The bricks were laid dry and the bottom left un- 
covered, that the water might have free access to the culvert The inside of this culvert was filled 
up wit]^ small stones, probably to prevent the side walls, which were not in mortar, from b^ng 
pressed inwards. The trench in wnich the culvert was laid was' filled up again with the materials 
taken from it. A coarse gravel was found at the bottom of the trench mixed with flints. The 
gravel became finer as the depth lessened from the sur£EM3e, and ended in a fine river-aand, covered 
at present with from 2 to 8 ft of soil. 

The length of this first filtering culvert is 656 ft. ; it is said to have delivered at all times dear 
water ; but the quantity was soon found to be insufficient for the demands of the'city. To increase 
the supply, a second filtering arrangement was projected and built, differing somewhat in character 
from tne first In this [second case eleven wells g. A, Fig. 7314, were sunk along the margin of tiie 
river, covering a distance of 800 ft They were carried to the same depth as the culvert, and steined 
up with dry brick. The wells were connected together by iron pipes, and from their lower terminus 
a connection was made with the pump well of the pump-house. The water from this second filter 
turned out bad, and it has consequently been for some time in disuse. 

A third filtering culvert c, e,f, was constructed on the same plan as the first, but larger. In the 
lower part of its course it is situated fi&rther from the river than the first culvert, and in the upper 
part nearer to the river ; the length is 1476 ft. (450 metres). Like the first, it has always pnxluoed 
good and dear water. 

The total length of these old filtering galleries (excluding the wells in disuse) is 2132 ft The 
growing wants of the city and the increa^ of its population rendered necessary a further and more 
liberal supply of water, and a new filtering gallery has been constructed in the same bank of 
gravel. 

It will be convenient to note here the water capacity of the old galleries. This capacity U 
equal to 5000 cubic metres a day. The new filtering gallery is of larger dimensions than the othen, 
and it is laid lower in the bed of gravel, and consequently has a greater capacity of drainage from 
tlie underground reservoir of the neighbouring plain, of which the particular gravel bank of these 
works may be said to form a part. 

It differs in other respects importantly from the old filtering conduits. Its contour is of mortared 
masonry, in this case betion, of sufficient strength to defend it from the outer thrust of the material 
in which it is imbedded, and its interior is not filled with stones, but void, forming thus in itself a 
considerable reservoir of water. The water finds its way into the conduit from the gravel deposit in 
which it liesL in purt by small earthenware tubes placed on both sides of the gallery, but mainly 
through the oottom, six-sevenths of .which is left unpaved for. that purpose, and where the dear 
water rises, therefore, from the coarse gravel which has place there. 

At every seventh mt;trc a buttress is thrown across of 1 metre in width, and to this extent the 
bottom is impermeable. The surfaces of these buttresses, which are intended to defend the side 
walls against movement from the back thrust, do not rise above the prescribed level of the bottom 
of the conduit. 

The interior height of the new conduit is 8 ft. 8 in. (2° • 65), the width 7 ft. 6 in. (2° • 30). The 
bottom is placed at 129°" 45 (424*6 ft.) above the sea, or 8 ft. 7 in. below the lowest stage of the 
river. It is therefore 4J ft. below the bottom level of the old galleries. The present length of the 
new gallery is 1180 ft. (360 metres) ; but the intention is to extend it gradually to double this 
length, or more, according ns the requirements of the city may demand it. 

It will be observed that the new gallery is not based on the marl or tufa upon which the gravel 
bed rests, but is kept from 2 to 3 ft. above it. This has been dune to permit the water to percolate 
easily into the gallery from the bottom, where it is expected that the mass of the water will enter 
it, rather than from the side tubes. 

The dam in the river below the present pump-house protluces comparatively still water opposite 
to the filter ground, and must encourage that kind of sedimentary deposit there, which the natural 
current of these rapid mountain streams does not admit of, except in eddies, and then only until 
the scouring operation of a heavy flood clears the channel of sucn accumulations. But when the 
underground material of the plain, for some distance above, consists of an equally open gravel, it 
can be of little consequence that the river bottom, within the influence of the dam, should heame 
comparatively water-tight. The water will, in any case, reach the filter galleries from above, and 
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from ■ eomewhat greater diBtauce, tad tlie only effect woald be to tcdnco the rate of delivsry Bome- 
vlwt, and perhapa render a greuter length of gallery neceastuy. 

WaltT Regulator. — To ensnre a ooostant discharge of water fh>m a reservoir which has a head of 
water T&rying continually, a water regulator is frequently used. BeTeralmetliodB have been adopted, 
oiie of the most ingenious is that used at the Gorbals Water-works, near Glasgow. Fig. 7318 repre- 
•entd a tranarcrae acoiion of this srrangomunt tbrough the regulator-bouse, i^owing the method bj 
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To the upper arm ia attached a chain that paieet over a pulley, and is connected with a oafrt-lroD 
cylinder or float D, that stands in the reservoir £, of slightly larger diameter. At the side of the 
entrance door of the building ia plsced anothel cistern (1 of caat iron, closed at the top snd com- 
municating by a pipe R K with a vertical pipe H, which is in connectioo with the outlet-pipe, and 
passes up the slope of the embankment to carry away Buy air that may accmnulate in the main. 
The dstem O ia connected with the reservoir E by a pipe K, which aupplice water to float the 
cylinder D. Now, it ia evident that the discharge from the reservoir will be regulated by the posi- 
tion of the lever B, and this again will be controlled by the height of the flnnt D, To regulate thiit 
height the supply from the cistern G must be self-adjusting, or bo regulated by the amount of water 
flowing away. The float N haa attached lo it a epiudle, on which are fixed two double-beat valves 
that wOTk in the vertical port of the pipe K. one of which admits water from the cistern G into the 
<7linder E, and the other allows the water to escape from the reservoir B. Now, if the surface of 
the water upon which the float N rests should rise above the proper level, the float forces up the 

K*ndle, closing the supply-valve from tho cistern, end at the eame time opening the lower valve, 
us the supply is cut off and the escape opened, enabling the float D lo fall. The subsidence of 
the float closes more or less the flap-valve, and checks the discharge, in consequence of which the 
surface of the wator falls, and with it the Boat N, which consequentlj opens the supply-valve, and 
again admits water into the cistern E. Thus an almost perfect equality between the consumption 
and the supply-water ia preserved. It wenld appear that tho same effect could be produced bj 
connecting the lever directly with a float on the surface of the water, but such an arrangement 
would only apply when the pressure against the flap ia trifling. 

Omtrat A*nwr*s.— In arranging a msia pipe from pumps, the pipea should have sectional 
capacity sufBcient to allow of tho Telocity in tho main pipe not eloeeding 2 ft a second, as friction 
tncreaees in proportion to the velocity, as is shown by the law governing the delivery of water from 
pipes under pressure. Covered reservoira and tanks should be ventilated, and all supply-pipes 
arranged in ancli manner as lo allow of easy inspection and subsequent ropdire. Stop-taps ahould 
be placed betwixt the main and the building in all cnsee, so as to allow of isolation of any line of 
servloe-pipe for repairs. House servioe-taE£ and service-pipes ought to be fixed bo that the rooms 
cannot be flooded in case of leakage or overflow, and ready means of access to all tauks and cisterns 
must be provided to allow of inspection, cleansing, or repairs. Up-bends should not be formed on 
lines of main pipes or on service-pipes. If up-bends are iaeritable, air-valves have to be provided 
to let out the air at the up-bends. Bends at right angles ott pipes are to be avoided, and the pipe 
brought round in a curve inatead. 

£i moat towns it ia necessary during the summer months to distribute water over the streets in 
order to mitigate the inconvenience arising from clouds of dust, to oool the atmosphere, and to 
a'isiat in fluabing the drains. Hydrants, which can be also used to communicate with fire-hose or 
■tand-poats, are therafbre attached at certain intervals to the maiua ; and in estimating the quantity 
of water requited in any partionlu town, the quantity required for flrei and street-waleriiig must 
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be token into account. Fig». T81Sa, 73ISb, a plan and seotion of a atraet-watering ai^anta^ fltted 
with a watcr-metar. The water ia admitted &om the main throngh the alnioe-cook, psMei thno^ 
the metei, and thenoe bj the iion elbow into the attuid-pcwt, ttiaa wbkih It !■ delirered into tba 
water-oart*. 




Paitlen Watgr-aorii.—The following aocoQUt of the watei Buppij of the town of Paialey, f(- 
we are indebted to Aleiander Leslie, will serre to illuBtrate manj of the points we bare alni^ 
enlarged npon. 

In tlie jear 1835 powers were obtained to bring in water, for the mpply of Ptueley, frmi the 
distticta of Qleniffar snd Harelaw, Fig, 7319, lying to the south of the town, having respecli'dr 
drainage areas of 62^ aorea and 16G acres. The works were executed by B. Thorn, wlia iin^ 
careful mperimenta, eitesdiag orer a period of three years, to asoertain the bmoont of water flonf 
from the meniffer dUtrlct, by moana of which the quantity ootoally available was found to 1* 
70,354,769 cnb. ft. a yenr, which ia equivalent to 31'06in. out of adepthof 46'13 in. of lain nm 
an area of 27,189,063 Eup. ft., leaving a loaa by evaporation and abeoiptionof 1S'07 in. The w^ 
of tbe water from the drainage area was not available for the use li the town, u one-fourth n* 
reeervird fur compensation to bleacb-flelda dtuatitd on the natural watei-<x>urece. This amounla] 
to 22,267,735 cub, ft. a jesi, leaving Gi;,803,206 cub. ft. available, being 183,022 cub. ft a di;," 
127-1 cub, ft. aminnte, 

Tbe works conaiat of a TCieivotr at Haiclaw, having a capaciW of 14,248,000 cnb. tl., witli * 
conduit leading from thence to Stanely, where there aro two other reaervoira, one to act w * 
eubeiding pond, capable of holding 28,340,000 cub. ft., tbe other for clear water, with a eapao^^ 
7,194,000 cub. ft, villi regulating eluicee for turning tbe water into either. The opea oMHiri 
between Harelaw and Stimely ia the jirincipal feeder for the BtMiely reMTVoiia; in iti eomtt'A 
intercepts the bums flowing from Glemffor broos, which are almost all pasture grooad. 
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Te;ed by b raagoaij conduit, 2 R. by 1 ft 6 in., to filten and a corered tank, on an elerfttion at tbe 
BOQthem end of the town. The population in 1853 was abont 50,000, so that the supply of water 
for ea«h penoo, indndiDg mannfootorieB, vaa 22} goUons a day. 
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The growing wants of the town rendered it necesflary for the authorities to look out fbr incieaBed 
supplies, and, after examining various sources, the water of the Bowheoik bum, whidi rises on the 
borders of Renfrewshire and Ayrshire, and which is one of the tributaries of Castle Sconple Loch, 
was selected. The average height of the land selected for the reservoir is 500 ft above the 
Ordnance datum, rising in undulating ridges to 700 ft. at the watershed. The works have also to 
supply the town of Johnstone and the villange of EldersUe, having together a populatioo of neMly 
10,000 persons. 

The drainage area utilized by the engineer to the new works, James Leslie, contains 1220 acres, 
and is partly arable, partly pasture, and -j^ of the whole, amounting to ^ acres, is moorland, tiie 
water from which is rather mossy at times, but this is diverted from the store reservoir, making it 
however available for compensation. Two rain-gauges were placed in the neighbourhood, of which 
a careful register was kept. One of these, representing the rainfall over 700 acres, wa« at Spring- 
side, 540 ft. above the sea, and the other, the fall over 520 acres, at Muirhead, at a height of 490 ft. 
above the sea. It was thus ascertained that the yearly fall at Springside equalled 64*89 io., and 
at Muirhead 50-79 in. 

The quantity of rain falling on 700 acres, the depth being 64*39 in., is equal to 163,614,990 
cub. ft., and on 350 acres, the depth of rain being 50*79 in., 64,528,695 cub. ft. The average depth 
of rain over the whole area is 59*86 in., or 228,143,685 cub. ft., and subtracting the amonnt mea- 
sured by the weirs, subsequently mentioned, 179,662,325 cub. ft^ there remain for loss by evapora- 
tion and other causes 48,481,360 cub. ft., which is eoual to 12*72 m. of the rainfall, leaving 51*67 in. 
available for the high ground and 38*07 in. for the low ground. There now remain 170 acres, 
with a rainfall of 38*07 in. to be added, which yield 23,492,997 cub. ft. of water a year, raising 
the total to 203,155,322 cub. ft. a year. A stone reservoir was constructed at Nethertreea, on the 
Rowbank or Birkcraig bum, about three miles south-east of Lochwinnoch ; the water area is 100 
acres, and the greatest depth 35 ft. The pipes were oonstracted to carry 184 cub. ft of water a 
minute, and the compensation water waa fixed at 92 cub. ft a minute. Storage was provided for 
180 days, or six months of this whole quantity, being about 77,000,000 cub. ft. 

To test the flow of water into the Rowbank reservoir four gauge-weirs were elected on the tribo- 
taries, and the water flowing over them was measured every day. These gauges were constructed 
of battens and stakes carefully levelled and made water-tight, with a free overfall, and with sofiSdent 
still water behind to prevent inaccuracy from initial velocity. No. 1 was 5 ft. long ; No. 2, 2 ft. 4 in. ; 
No. 3, 1 ft. 4 in. ; and No. 4, 1 ft. The depths being taken, were calculated by the fomiuli 
Q = 4*904 6 (/|, where Q = cubic feet a minute, b = breadth in feet, d = depth in inches. The 
total flow a year over all the weirs was .—For No. 1, 129,484,049 cub. ft. ; No. 2, 88,359,063 ; Na 3, 
7,262,279 ; No. 4, 4.556,934 ; total, 179,662,325. 

A conduit, 6| miles long, conducts the water to the Stanely Altera, whence it is conveyed to 
Paisley by a 16-in. pipe. Ajbranch pipe leaves the main 8 miles west of Paisley to supply the towns 
of Johnstone and Elderslie ; and a set of filters and a tank were constructed at Oraigenfeoch fbr 
filtering the water supplied to those places. Another set of filters and a tank are placed on the h^ 
ground to the south of the original reservoirs at Stanely, with a bianch pipe leadmg down to then, 
to make up any deficiency that may occur in the old works. 

To impound the water it was found necessary to construct three embankments, the largest ot 
which is situated across the bed of the bum or stream at Nethertrees. The first operation consisted 
in the formation of a by-wash channel, to divert the water of the Reivoch bum from the reservoir 
during the construction of the bank, as it was from this bum that fioods were apprehended ; and it 
now serves for carrying the water of that bum past the reservoir, should it be at all impure owing 
to floods. When this was finished the outlet-tunnel. Figs. 7320 to 7322, was proceeded with. The 

Surpose of this was, in the first place, to discharge the waters which would have accumulated 
uring the construction of the bank, and to receive the two outlet-pipes, one of which carries the 
compensation water, and the other the water for the town. The tunnel is 426 ft. long, a length of 
150 ft. of which, at the lower end, was open at first, and afterwards covered in, the remaining 276 ft. 
being tunnelled tlirough rock. Tbe interior dimensions of the tunnel are 5 ft 6 in. by 5 ft. 6 in. It 
has vertical side walls, and a semicircular roof. The whole length of the arch waa built of moulded 
brick. Where in open cutting the side walls were 15 in. thicit, and the arch was built of the same 

7320. 7321. 7322. 
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thickness, set in mortar, with a mbble-stone arch outside, 9 in. deep ; and where in tunnel tbe si 
walls, for a length of 236 ft., were built of brick, and the space between the wall and the rock irtB 
filled in with close-packed rubble stone set in mortar. A length of 40 ft at the inner end, where 
the rock was friable whin, a kind of trap or green-stone, was built wholly of brick set in cement, 
the brickwork filling up the entire space to the rock. This portion had a brick invert varying from 
9 in. to 15 in. in thickness set in cement, the remainder of the floor of the tunnel being natural rock, 
dressed off as smoothly as possible. Tbe rock varied in quality from what is locally called Osmond, 
being like the hardest whinstone, to a soft grey, granulated, sedimentary substance, easily cut with 
a knife. It required blasting, and in some places the roof had to be supported until the building 
was flnished. At the lower end of the tunnel is the sluice-house. Figs. 7323 to 7326, 10 ft. square, 
with an arched roof 10 in. thick, and side walls 3 ft. thick, in which are placed three sluices for 
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■Inict-sban. Thii teoeea is 10 ft 9 in. long by 5 ft. 9 in. broad, wilh walls 2 ft. 6 in. thick. AcnM 
the frout are linteb 2 ft. 6 in, b; 1 fl. 3 in. in section, and, again, in tmit of tlieee is a groove for 
holding a wooden gnUing, which msj lie leplaoed by stop {daiju wbon acoen to tlie altiices ia 
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required. Aoroes the bottom, and 2 ft. 6 in. above the floor, is a stone 8 ft. by 1 ft. 9 iiL in section, 
on which stands the iron slaice-shaft, and below which passes the pipe oonyeying the oompensatian 
water. For a length of 17 ft. at the upper end, the tunnel is of larger dimensions, being 7 ft. 6 in. 
by 5 ft. 6 in., and tapering to 5 ft. 6 in. by 5 ft. 6 in., Fig. 7331. This portion was filled up with 
masonry round the pipes, after the embankment was completed, to make it water-tight ; and round 
the up-stand, up to the level of the ground, it was filled in with clay puddle and oorered with pitch- 
ing. Leading to this up-stand is a channel 5 ft 9 in. wide, Figs. 7327, 7328, wiUi side walls varying 
from 2 ft. 6 in. to 3 ft. 6 in. thick, with cross lintels 1 ft square to keep the walls apart, and the bottom 
is pitched with 9-in. pitching set on a bed of concrete 6 in. thicks The ashlar was procured from 
Shillford quarries, 4 miles south-east from the reservoir. Provision was made in the contract for 
filling up the tunnel with clay round the outside of the pipes, but this has not been required, as the 
solid masonry at the upper end is water-tight. 

The greatest depth of the principal bank is 60 ft. Fig. 7332, and the length 500 ft along the 
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top, which is 5 ft above high- water level, and 10 ft broad. The slopes are 3 to 1 inside and 2} to 1 
outside. The puddle is 8 ft. broad at the top, and increases with a batter of 1 in 8 on each side 
down to the level of the ground, firom which point it diminishes to one-half that width at the 
bottom of the trench. The puddle-trench is 62 ft. deep at the deepest part. To form a proper 
foundation, all soft material was stripped off the site of the bank, including a considerable accumur 
lation of peat and silt at the bottom of the valley, which was excavated down to the clay or rock 
before tiie bank was commenced. The greatest depth under the surfieice of the valley was 17 ft on 
^e outer, and 22 ft. on the inner side. During the excavation it was found that the moss on the 
inner side was so soft that it would not stand even with a moderately flat slope ; and it was also 
threatening to cause a leak in the temporary bank across the valley. To obviate this, and to enable 
the moBS and silt to be readily cleared out, a row of piles was driven at the inner toe of the embank- 
ment. The broken nature of the rock forming part of the puddle-trench rendered it necessary to 
excavate the hills on both sides to a considerable depth. 

The material for the bank was found on the site of the reservoir, and consisted of clay, which, 
when mixed with the rock taken from the excavation of the puddle-trench, formed a good and sob- 
stantial bank. To facilitate the work a short tramway was laid from the north end of the bank to 
the place where the materials were procured. The wagons were worked by a small locomotive 
engine, and the stufi^ having been tipped on a loading bank, was removed in common tip carts. The 
banks were then formed with a slope inwards towards the trench of 1 in 12. Care was taken to 
spread all stones and keep them separate, so that earthy matter might fill up the interstices. The 
layers, each 6 in. thick, were pressed and trodden down by carts and horses passing frequently over 
tiiem, and were pounded with beaters where the carts could not work. No planks or rails were 
allowed in forming the banks, and in dry weather water was poured over the whole surface to make 
it settle. 

The wagons for conveying the puddle were also worked by the locomotive engine. A staging, 
carrying rails, having been formed along the side of the trench, the wagons ran along it by their 
own gravity, and the clay puddle was tipped into the trench ; it was then spread in thin layers, 
mixed with water, and properly cut and worked up by being tramped on by navvies. After under- 

going this process, it formed a compact mass quite impervious to water. When the slopes of the 
ank had been made, and had settled, the inside elope was covered with a layer of broken stones, 
over which was laid pitching of hard blue whinstone. On the outer slope, and on the top of the 
bank, was laid a layer of stones 3 in. deep to keep out moles and rats, over which a layer of soil wsj 
dressed off, and sown with rye-grass and clover seeds. The natural slopes between two of the banks 
were pitched with rough pitching, set on a layer of broken stones. 

The other banks were formed in the manner already described, but thev were of smaller dimen- 
sions, one being 230 ft. long and 14 ft. deep, and the other 815 ft. long ana 18 ft in depth. 

The waste weir at tlie south end of the Isirge bank was 40 ft. long, being at the rate of 1 ft in 
length for every 30 acres of drainage area. The side walls are 3 ft. high on each side of the weir, 
and the channel, which has a gradient of about 1 in 6, has been cut out of the solid rock, with a 
width at the bottom of 10 ft. 

It was originally intended to strip the entire surface of the inside of the reservoir, as the presence 
of vegetable matter was considered objectionable ; but the cost led the operation to be dispensed 
with. The quality of the impounded water, however, has been decidedly aeterioruted by the omis- 
sion of this operation. When the bank and waste weir were finished, two parallel lines of 21-iii. 
pipes were laid through the tunnel ; at the inner end one was connected to the bottom of the 
cast-iron up-stand shaft, and the other passed under the stone carrying the sluice-shaft, and was 
bolted to the sluice for giving out compensation water. The space under the stone was then built 
up. These pipes, which were in 12-ft. len^hs, were lowered by a crane on a bogie at the sluice- 
house end of the tunnel ; a tramway having been laid through it, the pipe was then run up to 
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the place required, and when on the bogie, it was used as a ram to drive the preceding pipe tig^t 
home. 

The Blmoe op-stand, in the horfleahoe recess. Fig. 7827, is made of oast iron. It is 2 ft 6 in. in 
interior diameter, of {-in. metal, cast in five pieces, with flanges bolted together. It is abont 35 ft. 
high, and there are foor slnices at different levels. The sluice openings are 17 in. square, uid are 
fitted with double brass faces. The pipe for the town supply is connected with this cylinder, and at 
a lower level is the pipe for the compensation water, with the rod for working the sluice on the end 
of it, passing up in uront of the iron cylinder. The sluices are worked by a movable brass nut 
working on a 2^-in. screw. The compensation water is discharged into the bum or stream, across 
which is placed a gauge-weir to measure the amount of water. The water for the town is dischuged 
into a cast-iron wdl, with an overflow to take the pressure off the day pipe which leads from it 
towards Paisley. 

The total length of pipe track from Bowbank reservoir to Stanely is 11,126 yds. For a distance 
of 3872 yds. this track has a g^sdient of 1 in 700, and is laid with 3021 yds. of 21-in. clay pipes, 
76 yds. of iron pipes in moss, wi^ a few iron pipes at the bum crossings, and there are 765 yds. of 
masonry aqueduct where the track is in deep cutting. The second portion of the track is supplied 
with cast-iron pipes, of which 8286 yds. are 18 in. in diameter, and 367 yds. 16 in. The third 
portion has 16-in. clay pipes for 2700 yds., laid at a gradient varying l^m 1 in 140 to 1 in 70, and 
200 yds. of iron pipes. The portion from Stanelv to Paisley, 2iB95 yds. in length, has 16-in. iron 
pipes. The pipe for supplying Johnstone and Elderslie leaves the 18-in. main near Graigenfeooh, 
and is 8 in. in aiameter to the filters, from thence it is 10 in. to Thome, from which place there is a 
branch to Johnstone 8 in. in diameter, and another to Elderslie 5 in. in diameter. The track for the 
pipes was excavated 1 ft. wider at the bottom than the exterior diameter of the pipe, with slopes 
varying according to the quality of the material ; opposite each faucet a clear space of 6 in. was left 
all round, to permit of the proper jointing of the pipes. When the cutting was in rock, the pipes 
were laid on a bed of earth 3 in. deep. Where tiie clay-pipe track was through a porous material, 
the pipes were surrounded with day puddle 12 in. thick. The clay pipes were jointed in the following 
manner ; — Two strands of rope-yarn, steeped in thin cement, were wrapped round the spigot and 
calked in after bdng inserted into the fiaucet ; then the remainder of the faucet was carefully and 
clusd^ filled up with cement, which was bevelled out from the end of the fiiucet along the outodeof 
the pipe, with a slope of 1 to 1, and when practicable, as in the case of the 21-in. and 16-in. pipes, 
a boy was sent in to point the inside of the joint with cement. 

Wherever there is a constant &11 and no pressure on the pipes, says Leslie, clay pipes should be 
found to answer the purpose well, provided suffldent care is taken in selecting those perfect in form 
and without cracks or flaws, especially at the neck where the faucet is fastened on to the body of the 
pipe, and where a crack is likely to bo found. Oare must be taken, too, that they are properly jointed, 
and that the thin cement is not shaken out of its place during the operation of refilling the track, a 
probable result if it is done before the cement has had time to set Above all, they should not be 
laid in too deep cutting, as the superimposed material is certain to break and crush them ; nor 
should they be subjected to any pressure nom a head of water. 

The great fault found in the pipes was a liability to crack at the junction of the faucet with the 
body of the pipe. A method was devised in order to test their soundness, when that could not be 
ascertained by ordinary inspection. The pipes were placed on a wooden platform, with the faucets 
downwards, and inserted in a thin bed of clay carefully worked so as to be water-tight The pipes 
were then filled with water obtained from a pit dose by. With a head of 3 ft. of water some of 
them were found to leak, though the greater number were perfectly tight. The cracks in those 
which leaked were carefullv pointed with Portland cement inside and oatside. When the cement 
had set, they were again subjected to the water test, and for the most part they were now found to 
be water-tight ; Uioee that still lecdced were rejected. 

Where day pipes were used in cuttings above 9 ft. deep, a relieving arch of rough rabble was 
formed over them to protect them from crushing. Where the depth of cutting exceeded 12 ft., a 
masonry aqueduct was substituted for the clay pipe, the sectional area of which was 3 ft by 2 ft.. 
Figs. 7333 to 7335. The soles were of pavement about 3 in. thick, which was set fiush in mortar 

7334. 7336. 

^^^- Man/wi s ontAipuducbi. 

— . _ 






Q 



Skctitwvof BrtOcAipi/iAtcU 

on a bed of levellings and well pointed. The sides consisted of parapet ashlar, procured from 
Shillford quarries, 9 in. broad, with the faces scabbled and the bocks left quorry-fiaoed ; and the covers 
were of pavement from 3 in. to 5 in. thick, with a rest of 6 in. on each wall. Where part of the conduit 
was in treacherous ground, the soles and covers were checked, bo as to keep the walls apart should 
there be any tendency to force them together. Great care was taken in filling the space behind the 
ashlar with day and soft inaterial, and a depth of 1 ft. 6 in. to 2 ft. of earth was placed on the top of 
the covers to protect them in filling in. the cut, which in most cases was in rock. Where the tnudc 



S084 



WATEB-WOEKS. 



pasBM under etrennia an inm pipe is Bnbstitated (br the clay pipe. Thia 
over frhil^ll ie placed hammer-dresaed pitcbiag 10 in. or 12 in. deep, and 

EAvemeiit la laid ofathickncasand extent depending on the lizeof theati 
J a bridge of IG ft Bpan, Figa 7336 to 7338. The areb atones are 15 i 
are tied together with bend etone« with a hold of 12 in. at each end. 
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The fanoetB are of 1) tn. greater diameter than the onbdde of the 
pipeB, and are \ in. thicker than their body ; the ahoulder is \ in. thicker 
than the body of the pipes, and both apigot and faucet are grooTed to 
make tbem liold tbe cement. 

The iron pipes weto 12 ft. long eictneive of the bacet The prin- 
cipal dimenaiona and weights of these pipes were aa follow ;— - 
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The pipe-joints were, for the moat port, turned and bored, and the pipes were laid in the fbllov- 
ing manner ; — The apigots were wiped clean, and were coated with freab Portland cement of the con- 
aiatencyof paint made up immediately before being used. They were tlien inieriad into the faucets 
and the pipe driven home by repeated blows, in the case of the smaller pipes from the wooden 
mullet, and in that oftbe larger pipes with tbo next one slnng as a ram, in which case a piece of wood 
was interposed to keep the iron frum striking iron. The lead and yam joints were made after the 
apigot was inserted, by citlking the faucet hard with sound rope- jam np to within H in. of the ont- 
side, and filling the remaining space with melted leed, which was hard staved so as to be water- 
tight. 

The pipes were tested with tho preaanre of a column of water, wtiich for a pipe 

ligh. 17 in diameter and j thiob, waa 800 high. 

18 „ i ,, 300 „ 

18 „ ^i „ 400 „ 

„ 21 „ H - 300 „ 

„ 22 „ \ „ 400 „ 



While nnder preeanre they were repeatedly stmok with a hand hi 
or leaking were rcijeeted. The nniformity of their thickness waa also tested by calipers d 
forthepnrposo. 
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Two flltan, Flgg. 7339 to 7&41, for the supply of Johnitoiio uid Eldenlle, were eongtmotod ftt 
Oraigenfeooh, each 4S ft. b^ 82 It, and the Wok naa 50 ft. by 26 (t. and 13 ft. deep. 

B J>ta 








Fig. 7312 ig B section of tho foed-pipo ; Fig. 7343 % Bectlon of the feed-tnragh ; Fig. 73M, asctton 
of the inlet-pipe and trough; Fig. 7345, overaow-pipe for Alter; Fig. 7346, regulating elnioe; and 
Fig, 7S47, by.pasa aluice for filter; Figs. 7348 to73Sl, oatlet-eloice for town-pipe, with soroen. 

The walU of tlie filtets and tank have a fotmdation cotusa 8 io. thick, and are boilt of good flat 
rubble bedded in mortar, and the face atones of the tank and of the filters above the level of tha 
■and are of chiBel-dmughted ashlar. The tank walla are 3 ft. 6 in. thick, at the level of the plat> 
form, and the filter walls are 3 ft. thick ; both here a batter on the inside of 1 in 12. 

At tbe excavatLon coDBisted For the most part of porous rock, the whole area of the bnllding waa 
well grouted with mortar run into every crevice, and the floor ot both fillers and tank, inolnding half- 
way through the wails over the foundation course, was covered with a layer of clean gravel, i in. 
thiak, grouted flnsh with Portland cement. The retaiuing walls were broaght up wi5i a void of 
4 in. in the heart, with two dovetailed recesses to form a tie opposite each ouier 12 in. by G in. bj 
fi in. for every square yard of surface. These voids were filled with clean gravel in layers of 6 in. 
connected with the concrete of the floor, and oach layer was granted with Portland oemont The 
result was an eicollent water-tight wait, the only objection being the coat, which was high. Tha 
Boor of tbe tank was covered with pavement 3 in. thick, laid flush in mortar and pointed with 
rement, and an area of S sq. yds. under tbe inlet-pipe was laid with ashlar 9 in. deep, calked on 



8086 



WATEE-WOEKa 



the joints with iron-nist cement. There are two Bemicironlar wells at the outlet of the fllten, with 
Blnices for regulating the head of water over the filters during filtration. The filters have eadi a 
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12-in. day pipe along the centre, with 
branches and 4-in. cross-pipes laid with 
open joints to admit the water, and 
with an iron air-pipe at the end of each. 
The filtering material consists of a bed 
2 ft. deep of coarse gravel, small enough 
to go throngh a 2-in. ring, but not 
through a }-in. ring ; the upper surface 
is in ridges and furrows 6 in. deep, and 
over that is a layer 6 in. deep of clean 
gravel which will go through a f-in. 
screen, but not through a f -m. screen ; 
over tnis is a layer of slate chippings 
6 in. deep, then a layer of coarse sand 
6 in. deep, and lastly a bed 18 in. thick 
of fine clean sharp sand, dressed into the 
prescribe form of ridges and furrows, 
Vig, 7341. The water is admitted into 
the filters by feeding troughs along the 
side fiELrthest from the tank, from which 
it passes through sluices and feeding 
chests into the f^-pipe, and is delivered 
from a trumpet mouth at the level of 
the sand, which prevents any disturb- 
ance of the filtering material. 

The roof of the tank is of wrought 
iron with T bar rafters and struts, and 
round tie and suspension rods, 6 ft. 
apart, braced diagonally, resting on 
and lx)lted to a cast-iron wall-plate, 
and having L lathes 8) in. apart for 
the slates. The slates, which are Welsh 
seconds, 20 in. by 10 in., are fastened 
on by copper wire to the lathes, over- 
lapping 3 in. The mortar employed 
was Arden lime well bumea and 
ground, mixed in the proportion of two 
and a half parts of lime to two of sand 
and one of mine dust. The high-level 
filters and tank erected at Stanely are 
of the following dimensions; three filter 
beds each 90 ft. by 60 ft., and a tank 
138 ft. by 38 ft. and 14 ft. deep. They 
are constructed on the same principle 
as those above described, the only dif- 
ference being that the walls of the tank are 4 ft. 6 in. thick at the top ; all the walls inside batter 
1 in 10, but tor economy the concrete groove was dispensed with, and on the outside of the walls 
clay puddle was substituted for it. 

Works relating to Water Supply ;— « Report by the General Board of Health on the Supply of Water 
to the Metropolis.* 8vo, 1850. Kirkwood (J. P.), * Reports on the Use of Lead Pipe for Serrioe 
Pipe in the Distribution of Water for Cities,* 8vo, New York, 1859. * Distribution de ITBau potable 
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Water- works,' Svo, Glasgow, 1804. Dupuit (J.)* ' Tndtd th^rique et pratique de la oonduite et de 
la distribution des Eaux,' 2 vols. 4to, Paris, 1865. *The Brooklyn Water-works and Sewers, 
a descriptiye Memoir/ 4to, New York, 1867. Golbum and Mawe, ^The Water-works of London, 
8vo, 1868. Klrkwood (J. P.), * Report on the Filtration of River-water in Europe/ 4to, New York, 
1869. Chapman and Wanklyn, 'Water Analysis, a Practical Treatise on the Examination of 
Potable Water/ crown 8yo, 1870. Hughes (B.), *0n Water-works for the Supply of Cities and 
Towns,' 12mo, 1872. Sec also numerous papers in the * Minutes of the Institute of Civil Engineers.' 

WEB. Fb., Core; Geb., Qewebe; Ital., Costola; Span., Nervio. 

A web is a thin vertical plate of metal connecting an upper and lower part or table of a girder. 

WEDGE. Fb., Coin; Gbr., Keil; Ital., Zeppa, Cuneo; Span., Cuna. 

A wedge is a piece of metal or other hard material, thick at one end and sloping at the other to 
a thin edge, used in splitting wood, rocks, and the like ; in raising heavy bodies, and for similar 
purposes. See Mechantoal JPowebs. 

WEIGHING MACHINE. Fb., Balance; Geb., Tafelwage; Ital., Macchina da pesare; Span., 
Mdquina para pesar. 

See Balance. 

WHEEL AND AXLE. Fb., Soite et Essieu ; Geb., Had und Achse; Ital., Asse neOa ruoia; 
Span., Rueda y eje. 

See Meohanioal Powebs. 

WOOD-WORKING MACHINERY. Fb., Machines a taiOer le bote; Geb., ffolxverarbeitungs- 
Maschinerie; Ital., Maochine da lavorare U legno; Span., Maquinaria para labrar madcra. 

Next in rank to machine tools directed to metal working, machines for wood working are most 
important among those employed in industrial manufactures. As a material, wood enters largely 
into the construction and often forms the greater part of permanent structures, saoh as buildings 
and bridges, and in carriage manufacture, for both roads and railways ; while for furniture wood is 
almost exclosively used. In ship-building, even in what are called iron ships, a large share of the 
material employed is wood. The elasticity of wood, and its rigidity compared with its weight, 
adapts it to many uses, for which no other material seems to be fitted ; even the permanent way of 
railways rests on wood, whenever it can be obtained at a cost that will permit its use for the purpose. 
The number of persons engaged in wood manufacture, including joinery, ship-building, car and 
carriage making, and furniture manufiEMsture, is greater in civilized countries than the number of 
those connected with the conversion of iron or textile substances, and with these two branches of 
industry excepted, wood manufacture is by far the most important branch of technical industry we 
have. 

Wood, unlike metal, is not malleable, or ductile ; it cannot be moulded or compressed into shape, 
but all forms made of wood are cut from blanks whoso external dimensions will cover the finished 
object ; bending, which is practised to some extent in the manufacture of light carriage-wheels and 
similar work, forms an exception to this rule, but is an inconsiderable part of the processes employed 
in wood converting. 

The wood worMng begins with felling trees in the forest, an operation that is performed mainly 
by hand, all attempts thus far to construct felling machines for the purpose having proved unsuc- 
cessful, a result attributable to the necessary portability of such machines, the incessant adjustment 
required, and the danger of destruction from falling trees. 

The first operation in wood working, after the logs are prepared, is forest sawing or slittine 
the logs into rectangular sections, called deals, scantling, plank or boards ; deals, when sawed 
merely to reduce the timber to such dimensions as to allow it to bo handled and transported ; scant- 
ling, when the pieces are of a square section, or nearly so ; planks, when sawed to final dimensions 
that exceed 1 in., and are less than 4 in. in thickness ; and boards, when the thickness is 1 in. 
or less. 

The machinery for lumber manufacture is called by the general name of mills in North America, 
a name that has no doubt been adopted from sawing machinery being in most cases operated in 
combination with machinery for grinding grain, each supplying the local wants of a neighoourhood, 
the sawing and grinding machinery being driven by the same motive power, and frequently both 
are erected in the same building. 

Lumber sawing machinery can be divided into three classes, consisting of reciprocating saws, 
rotary saws, and band saws. The extent to which the dififerent classes are used being in the 
order in which they are named ; reciprocating saws being most common in America, and almost 
exclusively used in Europe for lumbcn: cutting. Fig. 7852 is a perspective elevation of a recipro- 
cating lumber saw by Arbey, of Paris, arranged to receive a greater or less number of blades, as the 
nature of the work may require, a is a strong rectang^ular frame, in which the saws are strained 
and adjusted. This frame nas a reciprocating movement of 20 to 30 in., imparted by the crank- 
wheel and connection seen in l^nt. The log is mounted on the two carriages 6, 6, which are fed 
along by the spur-wheel and pawl gearing at the side, the feed movement being intermittent and 
consonant with the reciprocating motion of the sash or saw-frame a. 

In some machines of this class rollers are used for feeding, so that the logs pass through con- 
tinuously one after the other ; such mills are called gang mills, and may be arranged with any 
number of saw-blades ; the driving shaft can be placed on top of the main frame c, or a steam 
cylinder may be connected directly to the saw-frame a ; the general principles of operation, however, 
remain the same. 

Muley mills, a variety of reciprocating lumber saw-mills, are used in North America for many 
kinds of work where accuracy of the lumber is an object, and sometimes by preference for regular 
lumber manufacture. These mills operate with an unstrained reciprocating saw supported by a 
light cross-head at each end, and bv latersd guides at the sides of the blade, that come dose to the 
top and bottom of the log, so that the saw is kept rigidly in place both in entering and leaving the 
wood. The saw-blades used in theso muley mills are from 10 to 12 in. in width, and of unusual 
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thiokneM, in order to teonte the reqnirad rigiditr, and to nutun the Btmlu of the np-atroks irtdeh 
UIb od the saw-blade. The speed of theae millj ia from 300 to iOO Btrokee « minote, mi tbdr 
porfomiMioe, uide from the kerf m«te, is all that can be dedied with a siiiglo blade. 




The feeding devices, log carriage, and other detaile, are Bimilni to those io other MW-milla, Iht 
feeding movement being generalt;r continaouB, and not intermittent ns with gung tuille. 

Fig. 7353 ie a. timber eawing machine arranged with rotiu; snws, b;r Allen Rnnmme and Co, 
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of London. H»chine« of this kind ore exteneivel; mod in Anerioa, where the Tklae of timber ii 
not M great m in Europe, and the \om of the kerf by reason of the thicker b»wb required is not 
BDch an object The «awH not being Biipporled b; tension, and their rigidity being dependent npon 
the thickness of the eaw-plste, when of large diameter should be made i in. or more in thickness, 
which with a wiile set, waatex from A in. to } in. at each cat. In Fig. 7353, a is the main saw, and 
6 a top saw which is used when the depth of the timber exceeds the capacity of the saw a. The 
top saw b is supported on the cast-iron standard d, and is driven by a belt eontieotlng the apindlet 
of the two eaws at the back of tlie standard d. £ is a long reciprocating carriage carrying the 
log m; this carriage is operated by the 
Rearing soon at n, which reoei?es motion 
from the spindle of the saw a. The logm 
is adjusted laterally to the sawa by the 
two slaQdards c, c, operated by screws and 
the taogent-wbeele 0,0; 1, i, are docs or 
hooks that are driieu into the 
vent it from rolling ; 1 is a Se _ 
technically called a spreader, that stands 
in line with the saws, and acts as a wedge 
to keep the pieoes separated, and prevent 
than uom ouunping the saws. 

Fig. 7354 is a front eltvation of a 
band sawing machine for sawing timber, 
by Kiohaids, London, and Kelly, Phila- 
delphia. 1 is a Strang cast-inm column 
witb which the wheels a, b, are connected ; 
* is the saw ; d', d, d, are guides to steady 
and lapport the saw ; t, the log being 
tawed; and /, a reciprocating carriage, 
■imilar in its action to the one last ex- 



Kw-wbeels nsed for driving the feeding 
gearing, hauling in 1<^, or other purpoBes, 
as may be required. The top wneel has 
a vertical adjiutment on the oolumn a by 
means of the screw 1*, and rests on springii 
that equalize the tension of the saw-blade, 
and provide for tho expansion and con- 
traction of tho aaw caused by changes of 
temperature during the intervale of cut- 
ting. The machine as here arranged will 
receive saw-blades 50 ft. long to 6 in. wide. 

Band saws waste but little kerf in 
lumber cutting, are capable of tenmon like 
reciprocating saws, aod can be driven at 
a higher rate of speed than rotary 
saws. The experieace in their 
naa has, however, not been soffl- 
denl to meet the difflculliea that 
arise in their operation, and the 
skill required to manage them is 
so great that their general em- 
ployment, as in the case of large 
rotary saws, most be a work of 
time. 

After timber ontting, the next 
process, for such lomher u re- 
quires to be reduced to less or 
more eiaot dimensions, is second 
sawing, or reaawing, which is 
performed on maohi 

tuwl for timber cutting, 
that the machinea are noi so 
heavy, and are driven at a higher 
rate of speed. Beaawiug is per- 
formed with reciprocating, rotary, 
and band saws, but more espe- 
cially with reciprocating saws, 
where ly the use of a large num- 
ber of bkdee the aggregated 1 




n most respects to those 
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other, b; having the ctvnka set onpoeite, and thm avoiding the jar and vibration that ia ioaepBrable 
tima reciiHXicatiDg maobine«. Thia is partially accompliabed aa the weight oF the recipiocatiiiii 
parte apptiAch one plane, and althongh the object naught in saeh a oomponnded machine a not 
fully attained, yet a great deal of the vibration ia avoided. The feed in thia machine is intermittent, 
and operated by the deviraa abown at n. a, which will be ondaralood from Figa. 73S5, 7356 ; ( ii 
a dpal which ia forced throngh the machine by the Bated rollera c, c ; on the lop of the deal there 
are preaaure rollera e, e, held down by the levera and weighta ■'. > ; the crank-ahaft ia momited in 
bearinga connected with the main frame, and driven by the pnlleya at n ; 0,0, are forked connec- 
tiout that paaa np at each aide of the aaw-fnmea, and are at^hed to ahida at the Bidea. 

Figa. 73S7, 7358, are of a band aawlag machine arranged for reaawing. The main standard a {■ 




of east inm, standing on and bolted to a strong Eole-plate b ; the ahaft of the bwer wheel 1 ivM 
in brackets bolted to this sole-plate, irhioh is made large enough to oonaljtiite a base for the maebiMi 
The t<^ wheel d i» monntad on a movable saddle t, that slides op and down upon the face of llw 
■tandard a, uid ia moved b; means of a screw e, and hand-wheel /, oonneded hy berd-geariiic 
insfde the arm or bracket n; g is a deal or plank fed to the saw A by means of the roUa t,L wliict 
ara driven by gearing beneath the phiten », and are pressed together b; the lever and wdgbt at (. 
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The feeding mechuiiBm ii til tnoimled on and sapporied I7 the ttuid m, which can be mOTed to 
or from the bbw si leqninid. These feediug devioea and the table on which the; are moanted 
can be aet nt rariona anglee by Dteana of the conoaTfl Mftt teen at x. The saw-guidea are carried 
on the two iron bracheta n', n, the top one having a vertiotJ adjostment on the face of the colenm a, 
to accommodate lumber of variona depths ; p ia a weight to couuteibalanoe the top gnide braoket 
n, BO that it will stand at an; point withont fastening. The tenaion of the aaw, aa in the larger 
machine for timber onttiog, faUa on flexible apringa. The aawa naed on thia machine are 30 ft. 
long and 3 in. wide ; the; are given a cutting movement of 5D00 ft. a minnte. 

Circular Bawa are not mach need for reeawing, ezoeptwhen the pieces to be out are thin enongh 
to bend and allow a wedge-ahaped euw to be employed, aa in aawiae veneeis or Bcaleboards. A 
aaw of parallel thiokueaa, rafBoientlj rieid to pertorm resawing in dry lumber, would occasion a 
great waste b; naaon of the kerf; besidee, circular aawa are more difficult to operate in resawing 
than either redprocating or band eaws. 

For catting lumber into amall pieces and to dimenmona, as it ia called, bench saws are naed, 
ooiudBtlagofabenoh or &ame with a flat top, and a rotary saw moanted aa in Bin. 7359, 7360. a ia 
the main frame which ia, with the top, cast in one piece; b the Range to goide the lumber and 
determine the thiokneaa of the piece cut off; thia gauge b it &steDed to a stia bar planed to fit into 
a dovetailed groove extending across the top of the main frame, the gauge being held by sImI 
dowel-pins seen at c The gauge b is arranged to be set at any angle up to 30° for cutting bent 
pieces; d,d, are details of the gauge t; > ia the countershaft to iiiu«ase motion from th« line ibAfUng, 
and to stop or start tlie machine by a sluftinK belt. 




ita capacity. This arrangement is nsed for cut^ng grooves or rebates, and in an; case where the 
aaw is to cut to a specific depth. 

Hachines for croas cutting lumber transverse to the Qbre are generally distinct from maohinea 
naed for alitting. and may be divided into two classea ; one in which the aawa are moved to tha 
material, adaptoi to the heavier kinda of work, and the other when the wood ia moved on car- 
riascB and the saws stationary. 

Fig. 7362 shows a cioaa-cutting aaw of the flrat claas, with a movable aaw a, which ia mounted 
on a saddle that alidee on the projecting itandard b. Thia atandard ia arranged lo adjust up or 
dowa npoa th« sole-plate 0, m Uie diam^er of the saw or the tenaian of the driving helt d may 

Ol 2 
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tegniie, tbe iidjiutmeiit being made by the Krew >. 

Bpindle is mouoted is moved on the bracket b by me 
with a ohaiu Eiuide the BtAndaid or main frame b ; 
g iha table for aupporling tlie timber A that is to be 

cut. The top of thie table is composed of a nnmber j — i — ij r 

of iron rolleiB to avoid fiictioa and facilitate the d I pS 

adjustment of the timber. When the saw a is moved ^- ■ ' 

oat or in, npon the bracket b the belt d trateraea on 
the lopg drum i, the tenaioa remainiag the same at 
all points. 

Fig. 7363 ia another machine with a travaraiug 
myr airanged for orosB cutting, the driving gearing 
being placed beneath the fioor. a ia the main frame 
of cast iron; 6theBaiv, which is mounted on a carriage 
that movee on rolleca inside the main frame ; e is uie 
wood to be ernes cat. SJid d rollers on which it moves ; 
« Is the drivinz pulley himg la the radial swing 
frame /, pivoted at a. This frame / rises and foils 
as the sen is moved backward end forward on the 
&ame □, end permits a regular tension of the vertiool 
belt i : A is the driving belt bj which power is eom- 
municated to the machine. 

Varioos modifications of cross-cutting maohiuee 
with ttaversing saws have been made, the dlvendtj 
in their arrangement relating msanJ; to the means em- 
ployed for commnnicating power to the saw-spindle. 
In all maohinee of this chiss that are driven by hori- 
lontal belts, ot belts that run in the plane of the 
traveniog motion of the saw, the drivmg strain of 





the belt has to be reststcd either in bringing the saw forward, or in ninniug it beck, an objedica 
that is quite serioas in the case of hand-ceding, which beat suits the operation of these nnehiiMi. 
With vertical bilts or bells that run tmnsverscl; to the line of the saw movement, this difflenlly rf 
belt resiatance is avoided, and a steady action of the saw ensured. 

Fig. 73U1 ia what is called a carnage cut-off saw, Uie wood to be cut being travensd on tbs 
carriage a, which is mounted on rollers running on the top of the brackets b.b. The standard e,n 
whicli the saw-apindle ia supported, and the brackets b, b, are bolted to a heavy eole-plate d, Oat 
keeps the parts of the machine in true adjustment ; e ia a email 3st table to support the pieoes all 
from the lumber, the main part resting on the running table a. 

It is obvious that amall pieces of lumber, snch aa the parts of cabinet work, can be more ns^ 
moved and bandied than a saw and maudrL'l, and that a machine arranged upon the plan of Um 
one in Fig. 7362 ia more convenient for ordinary nees than those airang^ with a movement of Iks 
saw for feeding, as in the two machines just described. 

When wood ia to bo cut in ourvtd or irregular tinee, eawa of a narrow width mnst be need, the 
kerf allowing the course to be changed at pleesnre, within certain limits ; in this way cnrm on 
be cut vhoee radius does not exceed twice the width of the blade for sews to j in. wide; (brliigo 
curves the width of the sawa cannot exceed ^ of the radius, nnlesi the sawi are made oonvrii. Tu 
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i node onttiiig, end by buid aairs Tor outside ontting, on the exlerior of the pieces ooty. 

Redproc^ing sawB for irregrular lines ooDBLst of three modifloatioiiB. Baeh bakb, when tho 
B&w is strained in a reciprocating IHloe lued for heaTy work ; saws that M« Dot Btraiced ftnd are 
BDpportedlikaoircukrraweb; the rigidity of the blades only; and saws atmlned b; elaatie or epriog 
tendon. In the eecond and third JnstuioeB the maobineg are divided into two Independent parts, 
connected only by tho mw-blades, the objeot being to obtain a oleai sweep for taming the Inmbei 
tbat is being cnt. Sawi strained in (ramea and need for sweep or acroll cattinK are so analogona 
to reeiprooating saws, already described, esoept aa to size and strength, that oa nrthei desoiption 
ic required. 
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orauectlon between the onutk-wheel / imil a BlidioK bar mofing in goidea beneaUi the t»bls tt k. 
The rnr < 1« fostened to thli slide beneath the table, and to a siimlu one e above the table. 

Thla top ilidinK htt a is oomuoled to the ■pring d b; meani of the flexible cord m. Tbe light 
weight of the reo^noating parte pennita a rapid motion of the saw, which c*a be for tbe eame 
raasoa mddenly eteipped, adi^ttiiig the machine for perforated sawiag. To msb tbe saw throagb 
the [deoe for inside worie, the saw is dlasngsgad at n, and the lomber passed over the \a^ or the 
WW may be loosad both above and below the table, and passed tliroogh ^^ 

boles in the Inmber withoal lining the piece. q ^^' 

Fie. 7366 is a scroll sawing maohioe of a novel character, invented j^ 
by J. Biotiarda, of Philadelphia. In this machlDe tbe saw is not strained, 
but merely sapportad by mecms of anti-Mction gnidea of hardened steel 
at its top that prevent it from turning, and give Utaral and back support 
at tbe nme time. 

The ptinwplcA upon wbioh the machine Is ooiutnietad are that the - 
rate of cnttuig movement oan be inverwly as ths weight of the reeipro- 
eating parts, and that while tbe otoes-head beneath tbe table may be 
driven at a high epeed, an^ weight attached to the top end of the saw 
limits the speed. The saw in this ease, not having any weight attached 
to its top end, oan be driven at anyapeedthatthencder gearing is capable 
of witiistandtng. SOW of these machines have gone into ose, in America 
mainly, but bcmd saws being adapted to the same class of work, the recip^^ 
eating machines are not now en eitensively used. These reciptoeating j 
macbinea. Figs. 7365, TSSfl, oan be operated at a speed of from one to two i 
thouaand strokes a minnle. a is the frame, oast hollow to receive the | 
onuk and shaft, which are placed inside for safety and to avoid tbe dost i 
and d^ris from the saw. The crank and connection is c& the ordinary [ 
construction, eicept that the joints are piade with tbe oare necessitated 
by the high speed at wbioh they run. 

The saws are rigidly fostened to a tubnlar sto^ or slide numing in 
the bearings at c; between these beeringi is a easing containing fiunna 
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BBw-daat bom the work, oonneoted by • flexible hose with the'tnhnlu gnide-itaiQ d, tiuongh which 
the air pmbm, cscapiag at ». g. Fig. 7367, shows the fbnn of the aswa used in tbU moohiDe. 

Band aawa weie invented in the jmi 1S08, by Wm. Newberry, oF tiODdon, bnt beoanw of the 
difflcoltieB met with tu nuumfitotaring the saw-bladeB and in joiouig them togethn, no regnlai um 
of the macbioea took plooe tintil fort; yeara Jater. Band wws are exlanaively employed in sawinft 
of all kinds, not only for carved lines, bat also foi slitting and for titober cnttmg, besides being 

iuotherbiancLeaof indDsti7,»aah SB splitting leather, sBWing ivory, elate. 






and metal. 

Band sawing machines ooosist eaeeutially of two wheels, on which the saw is streini^ like ft 
belt, Kuides to support the biades, and a flat table to move the material npon. E^gs. 736S, 7369, 
are of a plain band sawing machine. The main frame a istsst in one piece, arranged to support 
the ahafta of the top and bottom wheels A',&, the guide.gtem e, and tho table d. The top whei^ b is 
adjusted npor down by the hand-wheel/ to regulate the tension and the variation in the length of 
the mw-blades: tlie table ti moves on the quadrant beneath, to various angles (brbeTal sawing; oia 
an adjustable gauge for aawing pnrallel lines. 

Fig. 7370, a band sawing machios. a the top or moTabls wheeL and b the driving wheel ; i is 
the table, which is arranged to awing on a pivot, and is held by the qnedraiita e,c; d is a canng 
to guard agniost accidents ocoasioned by the saws breaking. 

Sawing of all kinds, as an opera- 
tion in wood conversion, has for 
ita general object the dividing of 
pieces into parts, the separation of 
a mass into smaller pieoes, but not 
the reducing snch pieces to tme 
dimensionB. After dividing or 
sawing the timber or lumber, a 
further operation is required, called 
planing, which produces true di- 
mensions, and smooths the sor&ca 
to receive paint or vamleh. 

Planing, after sawing, la the 
next important operation in wood 
manufacture ; machines for this 
purposeareall known by the gene- 
ral name of pUning machines, but 
consist of three classes, that onerate 
upon difitrent principles. These 
machines consist in carriage, p*- 
ralle], and surfnee planing ma- 
chines, which will tie *uc«essively 

Fig. 7371 la an example of car- 
riage planing machines, operating 
with traveraiag cutters, the plane 
of rotation being |eral1el to the 
face of the wood, a is a long frame 
supported on the standB r,r,r; e is 
a traveralDg carrisge, on which t)ie 
Inmber d ia carried beneath tlie 
entter-heed < ; this cattor-beod or 
ontter-bar i is mounttd on a ver- 
tical spindle, and dnven b; the 
belt /, bota the countershaft at g ; 
tn are belts that operate the feed- 
ing gearing at a by means of a 
vritical shaft ( that ia connected 
with the pulleys n at the top of 
the machmo, There are three 
pairs of these feeding belts ar- 
ranged to move tlie table d at 
various rate* of speed, aa the 
nature of the work may require, 
the rate of movement being controlled by the hand-Ievera at j. The cntter-spindle p is mounted 
in a frame that slides np and down on the front of the frame a to regntate the distance between 
the cntter z and the table d, the adjnatmetit being made by the hand-wheel ', and the gearing and 
■crew at h. The movement of the cnttera exceeds 12,000 ti. a minute, the cutter-bar i being forged 
from fibrous iron to withstand the cenlrifngal strain incident to so great a speed. 

Fig. 7372 ia aside view of another carriage pianino machine arranged with cylinder cnlten, the 
plane of rotation being at a right angle to the face of the wood.andwitl^ cutters to plane three sides 
of the lumber at the same time. As the aggregate length of the cutting edges can with machiaes of 
this kind be equal to three or more times the width of the lumber acted upon, it follows that the 
. performance ia more rapid, and the endnrance of the cuttera greater than when traversing cuttan 
are emjiloyed, as in the machine last described, a ia the main frame, supported on atands r, r, r ; 
a a carriage that ha« a reciprocating movement given to it by a wire rope winding nght and left 
npon the drum g, the ropes being fasteoed at the enda of the extension pieoes m, m, which allow 
the wood d to p«H eutiraly bom imder the cuttera /. A laok eu be empk^ed on the under «ida 
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of the otniage, but dooi not prodnoe so sinooUi ft morenent u the winding rope. The top cntten 
ftt/ are carried in ft ttrong fi^e p, thftt ia ftdjnated npor down oa the Bt&Qdaid«6b^ the hand- 
wheel j : ft prearare loU at • bean on the top of the lomW to hold it final; on the cvruge. 




Tbe vertical or eide cnttera e, Are Mipported on the BtandRids c. and have a trnnsvene adjnri- 
ment acrosa the maohine to suit lumber of VBrinus widths ; the fwding ge«rmg at .; in driven bj 
bells from (he countersbaft *, and ia nrraiiBed to Rive pither ft quick or a alow movement to th> 
carriage o, tlic mte of movcmant being ohanceil at will by tbe levers aeen at t; i is the Biain 
COunlcrBhafl from which all the cutters ar^ driven. 

In carriage planing the lumber is guided in a Iruo line by means of the ways on which tb^ al- 
risges move, and tbe cutting performeil with reference to the cnrriiige movement instt-^ nf Itia 
shape of tho material. All planing done in stmigbt lines has of necessity to !« performed npoa 
this principle, and no maoliincs except those with rarriagi>s are anited to the preparation of loiaW 
that requires to bo straight and out of wind, as it is called. 

Pamllet planing macliineB include machines that reduce lumber to a parallel thickness, either 
by passing it between cutters that are opposite to each other on different sides of the Inmbei, <x 
when aaiy one or two aides are pinned, by passing the lumber between tbe cntter and BtalianarT 
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pisgea or beds. The feed movement ia oontiiiDoiu in macbtneB of this clasi, the lumber being 
dbiibIIj ted by means of rollers, tbat prodnoe a Tegular forward moTomeiit in one direction. The 
effect prodnced in parallel planing is what the name indicates, that of giving parallel dimendons 
to the lumber, but not making it straight nor out of wind, as in the osm of eairiage planing. 

The use of parallol planing macliinca is or ouj^lit to be confined to Inmber that lb flexible 
enough to bo straightened by the feeding rollers and pressure bars in passiog Uirough the 
mschine. 

Parallel planing machinee, as a class, are subdivided into planing and matching machiDee for 
manufacturing flooring, coilinc, or other lumber that is tongueii and grooved : planing machines foi 
dressing one or iKitb aides of boerda, technically known as surfsctng macliines : and mnulding 
machines, adapted to tho preparation of mouldings, and other piuoea that have not But BurfacM. 
The difference between the ftnt and third class of maahines named beiug merely in capacity and 



anged to opemte on three 01 




The Inmber is forced through the machine by three pairs of feeding rolls, that are cooneoted b; 
expanding gearing, and are pressed down upon the lumber by BpnilgB r, of Tnlcanized india- 
rubber, a is the main frame, on which is bolted the housing h, which — — '- 



jr clearing rolls, aro adjusted by the wheel t. The vertical, or Bide cutters, a . 

under the hood /, for collecting shavings and dust by pneumatie motion. Tbeeo side cutterB have 
a traversiDg adjustment across the machine, and are moved by the oiaiik at g. Tho shavingB are 
ooilected in the hood /, and are then drawn into the fan at h, and expelled through the pipe 1, being 
carried to a stoke room or elsewhere, as required. The feed movement ia stopped or started by 
means of the lever k; m is the counlorBliaft which drives all the cutterB and the eiQBiuting fan at h. 
When the machine is used for planing but one side of wide lumber, the side cutters at are easily 
removed, and the lumber allowed to pass over the top of the spindles, when the distance between 
ia not enough to accommodate tho width of the lumber. 

As this class of planing machines is more extensively n«ed than any other, especially In the 
preparation of building material, and ss no dimensions have been given in deeoribing other 
machine* for planing, it may be a matter of interest, and convey a general idea of the proportion! 
in Euch planing machines, to note the following dimensions in ooonection with Fig. 7373 ,- — 

Tho machine rtceivee Inmber for sorfacing only, to 21 x 5 in. ; planes, tongui^B, and grooves to 
14 X 5 in. Main cutta'-btock, 6} in. diameter, 24 in. long, 3 cutters; side cutter- blocks, 6) in. 
diameter. Aggregated width of belts for driving cutter-epindlee, 17 in. Rotary movement of 
cutters, 6750 ft. a roiaate. Aggregate of cutter movement for each block, '20,250 ft. a minute. 
Number of revolutious of cutter-spindles, 4000 a minute. Top cutter-Bpindle, 2 in. diameter, eteeL 
Side cutter-gpindlee, steel, 1} in. diameter. Bate of feed from 40 to 60 ft. a minute. The wheels 
of tlie expansion gearing are made of steel throughout. 

Fig. 7374 is of a planing machine tbr moulding and matching, arran^ with six cutting 
■pindtea and two pain of feeding tolla. a a is the main frame; i, b, feedmg rollers; c, c', top 
cutters ; d. Bide cultots. There are also bottom cutters at « and/. The top cutters are adjusted up 
and down by means ol the band-wheels g and h ; the top feeding rolls ue raised or lowered by the 
hand-wheel 1. 

Tho top cutter c" is intended for straight outten that produce a flat surface, which can then be 
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uunilded by the leeond top cuttez e ; the apindle at / can be arnuiged with oiioulu' wrs, to dinde 
the lumber into sevenl pieoea after it hu been plaiied. All the cnttei-apiiidleB are djiten fnm 
the shaft at m. The feedine roUen i, A', we hnne in iiiing-frames that are pirotad on the aiii of a 



ehalt, from which they are dhfe 



n a onrre deaoribed torn that oantre. 





Fig. 737S is a parallel planing machine to plane on one or two aides, the top and bottom of toch 
lumber as ia not reqnirod to be redoccd to a width at the Bome time. The feeding movement of Iba 
Inmber ia in this machine produced by means of an endlcsa reTolTing apron or bed, corapoaed of ban 
linked together, that are carried on the two axes at a nnd'c, and move like a belt beneath the Uf 
cutters at d. Theae bara bemg rorrugated, and presenting a flat Burfece of two or more feet in length 
under the cutters, carry the lumber forward with great force. The bottom cutter a« ia driveo 
from the shaft /, which is in tnrn driven by the friotional contact of the bolt g that gives motion Id 
the top cutters d; hJB a dead bar opposite the bottom cntters to bold tha Inmbcr t at that point 
when being planed on the nnder side. The saddle m, on which the top cuttare and prewure rotleia 
are mounted, is adjusted up or down on the staniiarda n, as in the other machine* notioed. Thesa 
machines were invented about lf<50 by on American named Fojtbt, aod were designed to avoid the 
celebrated Woodworth patcnta, that for a long time controlled and hampered tha progress of wood 
planing in the United States. The cbain-bed planer, however, echiefed more than its inventor 
had eipfcted, and thouaanda of macbines have been made upon tbia plan, which for some par- 
pooea lias advantages over roller feeding maehinee. 

Figs. 7376, 7STT, ahow a moulding planing machiDe arranged to act upon all four ride* of tha 
Itunber at the same lime, prodacjng various prices, aa the shape of Uie cutters ma; deteiuuue. 
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A ia the rmudng ; B a table ontaidB the tmmng ; thia tftble u tree to tiae and bll to the exteot 
' ~ ' ~ ' leM. C a projMtiiig l«g bran the bottom of the tftble Amuhed with Aon- 




tails which diile in groorea in the frame of the maohlne, Up-fUid-dowu motion ii imputed to tbe 
table through the screw a workina; in a nut b fixed to the frame A ; the screw is diiven by the toothed 
wheel c tbroogh tbe orank-bandlo d, tbe wheel c driving b mitre-wheel e keyed on to the top of the 
screw. Tbe table B carries tLe bottom rollers D, D. and the revolving bottom cntter-sb&ft SLiid 
tmtteia E ; F is the top outter-shafl and cotters extending beyond the &anie or the machine and 
over the table B ; tbe outer eod of this top catter-shaft revolves in a bearing carried by the 
projecting arm /. The table is formed with an aperture to allow of the working of the vertical 
cutters ,- these cutters are carried on shafts to which pulleys I, I, are keyed : the pulleys and shafts 
are connected to plates K, themselves attached by bolts to plates Bliding in dovetails oa the table B. 
Curved slots are made in the plates K, through which studs poaa to allow of tho plates being fixed 
at any inolinatioa reimiied m order to cause tlie outters to rut the wood on either or both sides to 
the angle required. L, L', are the feed-rollers ; M is a beam with two depending legs terminatiiw 
at bottom in a point ; eiuih of these points enters a V''''''«^ "" ^^ '"P "f ^^ b^irtngB of the feed- 
rollera. This beam M is free to move on a oontre (o allow the rollers to oscillate when the wood is 
first fed on to tbe table. N is a weighted beam pieseing on the beam M ; * is a roller carried by a 
bracket /, the top of which works in a box, and is continually pressed upon by a spiral or other 
•priue; ; the objeotof this roller is to keep tbe wood in contact Mtu the bottinu cutter, and to steady 
it under the action of that cutter. 

In the feed atTangements, is tbe diao-wheel ; F a pinion on the boss of tlie diso-wheel ; this 
pioion gears into the toothed wheel Q, on the boss of which there is another pinion B, which drive* 
the wheel 8 keyed on the shaft of the feed-roller L>, T an intermediate pinion for driving the 
wheel C on the shaft of the other feed-roller L ; V a pulley driven by a belt : it carries a mitre- 
wheel W in gear with another mitre-wheel X on the shaft Yj Z a clothed frictioo pulley free to 
travel to andlro on a festher on the shaft Y when moved by an aim I'. On one end of this screw 
arm is fastened a mitre-wheel which is geared into by anciber mitte-wheel o on a shaft which is 
moved by a hand-wheel p. The arm P carriee at top a pointer, not seen in the drawing, to indicate 
on an index plate g, the back df which is shown, tlie rate at which the wood is driven through the 
machine by the feM -rollers. 

Tho operations of sawing and planing wood that the machines thus far noticed are directed to, 
may be called general operations, through which nearly all lumber used for every purpose must 
pass. After planing, operations in woodwork become diversified; tbe material is then bored, 
mortised, tenoned, or shaped into various forms for ornament oi ^edal uses. 
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, , - , - , ..ipnxitujg motion, to prodooe obk«ign 

the length of the mcutiie. Botsry moitiBiiig machinee ore eiteouTely med in Panaa and in 
England, where they axe applied to all kinds of work, mainly becsnae mortiniig can he pi^rianaed 
in tnig manner on machines that may be alao need fot other pnipoeea : but in the Uoiled State* 
and Sweden, where in wood mannfactnrei the dinaion of labonr U carried further, and where each 
operation requires a separate machine, rotary mortieing nsohines are onl; applied to the bnvieri 
clan of work when the material ia too heavy to be handled for reciprocatiog mjohinea, when th« 
material can be bored for bolts, or faced at the same time that the mortising is performed, and when 
mortising socb pieces as cannot be held firmly enough to resist the shook of reciprocating machine*, 
etpeciall; the pkrU of chaira that are cylindrical or irregular in farm. 

In the lar^t rotary mortising machines nscd for mortiaing the fauning of i^lway eaniagei, 
bridge timbers, and bo on, the reciprocating motion is given to the cutters, which are nsnally Ot a 
diameter equal to the width or one-half tbe width of the moiiiBs, so that one oi two movonenla 
will complete each operation. 

Figs. 7378, 7379, are eteratioDS of a rotary mortising machine. Fig. 7378 is a foint riew; 
Fig. 7379 a aide view, a is a strong standaid, b a saddle fitted to move np and down on planed 
KUJdee on the bont; the spindle e is monnted 
m a Moond saddle that has a transverse move- 
nunt aoiosi the saddle b, and is moved by the 
huid-wheel and screw at d. 

The saddle b is moved np and down on the 
front of tbe oolnmn a by means of the wheel «, 
and the tack and pinion/; gina long oarria^ 
on which the timber A to be mortised is placed. 
This carriage g is moved either by hand or 
power bv means of the gearing in the casing i, 

r rated by tbe hand-wheel j or the belts A, as 
motion of the work demands. The carnage 
is snppOTtad on large rollers I, I, I, to avoid friction 
and permit band movement, which ia essential 
in many operations. The wood A is held by 
olamps m, and is placed on the carriage in snoh 
a way that stops determine the position of the 
holes or mortises, which therefore require no 
laj^g ont, their position being determined by 
atope or gauges ;, q, q, when the timbei Is pro- 
perly adjosted. The vertical or lateral move- 
ment of the ontter o is regulated by the foar 
■top-iods p, each provided with eollus to deter- 
mine the movement of tbe saddle b, stopping 
at dght positions, and giving dimensions and 
lateral position to the mortises itcoordingly. 





and tbe distance between them is also determined by the stops g that slide 
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eaoh m;, it controlled b; the lover j, vhich with the wheels d,j, e, and the rtop-rod r, ue all 
within leoeh and control of the operator ; t is the conntarahaft mnn which motion ii giTen to 
the cntter-spindle and'the tiaTening gearing at ■*; « ia a oonnterwelght to balanee the laddie b 
and spindle d. 

Small loiiucj mortising machines haTO both rotarr and reciprocating motion of the entten, the 
wood remaining fixed, the rotary motion being nsnally 7500 leTdntiona a minnta, and the renpro- 
cating motion 400 strokee a minute. 

Reciprocating mortiBiog mai^hines are constructed nnder variona modl&oationB snited to heaTj 
or light work, and fur deep or shallow mortiea ; the mechanism and moTementa being, bowercr, 
mnch the same in all macluDeB, conaieting e«ae&iiiiUy in a cnuik-shaft, a chiaal-bar, and tablea w 
carriages to present and more the material. 

The greatest distinction in anoh mochinea is between tboee that have a chisel feed, where the 
chisel and cbisel-b«r, in addition to a reciprocating motion, has also a gtadoated feed movement 
and machines that are arranged with a feed movement of tlie table or carrif^e, that raisee the wood 
to receive the action of the chisel. In the first, a« tbe chisel is fed to the wood, or down into the 
mortiae. It is evident that the relative position of the cranh and chisel has to be changed to the 
extent of the feed movement ; is other words, there has to be either an elongation or a contraction 
of the connections between the chisel and the orank. 

Fig. 7380 is a perspective elevation of a reciprocating mortisinE machine, with a giadoated stroke, 
by lAne and Bodley, of Cincinnati. The machine was invented by Thomas Onild, in the year 1852. 

The machine has been seleoled as an example, becanse of the long test that it has had in 
all countries, and from the fact tliat there were in 1873 more than 3000 such machineB in UM, 
including those arranged for wheel-hnbe and other special purposes. 



except as to tbe range of the stroke, which varies from 8 to 10 in. a is the main oolmnn ; b the table 
on iniich the material is supported ; c is a clamping screw to hold the material ; and d a wheel for 
traversing the table 6. « is the obisel-bar ; / the oonnection between the chisel-bar and the sliding 
block 17 ; A is a pivoted vibrating lever tbat receives motion &om the crank-wheel 1 by means of the 
oonsection j; I is the driving pulley wliere the power is applied; and <t a pulley to drive the boring 
spindle m. and also the boring spindle n, on the other side of the macnine ; is the treadle that 
puts the ohisel-bar in motion and oontrola the stroke by means of tbe tod p, which extends up to 
and opcratee the toggle-links g, g. Tbe vibrating lever A being pivoted in a strong besLring at ^ 
the sliding block g, when in tbe position shown, hu only an osoiilatlng motion on this axia r, and 
the connection /and chisel-bar e are still; but by depressiug the treadle tbe block g is foroedoul 
upon the lever A by means of the links q, q, and the chisel-bar « is giadoally set ia motion. By 
this action the chisel i has not only a reciprocating motion imparted to it, but is, by reason of the 
connection / coming into a vortical position, fed doimvard at t\t time limt, so that tbe depth of the 
mortise out may equal the whole stroke of the machine, the chisel rising at each stroke to the onu 
poation on the up^irott, regardless of its range. 

Attention ia called to this feature as one that has, more than any other, led to the extended rm 
of these ntachinea. To cut a mortise 9 in. deep, a crunk 5 in. long is sufficient, so that the wbols 
stroke la utilized; but with variable crank motions, such as are often employed in constructing 
mortising machines, the stroke 
has to be at least twice the depth 
of the mortise, with one or moTe 
inches added for alearanco. This 
will be understood by noting that 
when the block g is drawn back 
to the position shown in the 
figure, the chisel s is raised to 
tbo top of the stroke, by reason 
of the diagonal position assumed 
bytheeonnection/. Theweight 



( stops the chisel moticn by di 
ing back the block q upon 
lever A, when the treadle 1 



the 



relieved. The chisel is turned 
from right to left by tbe handle « 
locking into the catches at v. 

The boring spindle n and 
anger a are used for starting 
mortises in hard wood, the 
spindle remaining fixed in the 
same plane as the chisel-bar «. 
The buriDg spindle m and auger 
X have a transverse adjustment 
of IG in. across the table or the 
material, also a vertical range 
of tbe same length; tbe tiana- 
verse adjustment is given by the 
lever y, and the downward or 

it by tbe lever 1 

ing wheel-hubs, _^ — -„- 

slide upon the table «, and are set to suit the le 
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clinok <^ provtdod with « piste «, divided liiro th« disc of a whwl-onttiug niachine, with spscM fin 
the po«itioD and number of the mortises ; the taper of the mortise Aiid the flare of the spokee are 
provided for b; awiaging the carriage s opon the pivot/ bj mean* of UieqaBdnuit<7 sod the lever A, 
wbfoh has Btopa i, i, i, tliat are set to suit the kind of vheel-hub that is being moitised. 

The dise-plvot m is loon npon the poppetsjpindle n, and revolves with the hub. Two hnndred 
haba of medium aizo can be morticed on one or theoe machinee in t^ honra with an aocnraov that 
la Dot attainable by hand. 

The tendency in wood mannfactnring at the present time is to the me of rotary mortising 
machinerj for nearly all claasea of work that have heretofore required the heavier reoipronting 
iDBchiaeB ; and there is no doubt that wlieii there has lieen the same amount of attention given to 
the improvement of rotary as there has been to raciprocating mortiaing machines, there will be 
utill more of them nsed. 

Beciprocating machine* that have a poeitive oonneotion between the chisel and crank, and are 
arranged to feea the lombei np to the chisel, as in Figs. 7382, 7383, are simple i 




with a bearing in the driver b. 
rod 



top bearing at /■ Sarronndiag the bar n, in this top bearing /, is a shell connected with the grooved 
poUey q, through which the bar a plays freely, but is held from turning by means of a feather. On 
the under side of the putlev g are two stops that come in contact with the rod /i. The belt i passes 
aroDDd the pnlley <;, over the idle pnllevH, and around the driving shaft at j. This belt maintain* 
a constant torsional strain upon the pulley g, which, ss eoon aa tlio rod h is drawn down, will oom- 
mence lo rotate ; but by releasing this slop-rod h instantly, the pulley g makes but a half rotation, 
until the stops on its under side arreet its movement, the belt > serving to both turn the pnlley g 
and the chisel-bar, and to hold them flrmly after being stopped by the rod h. By this arrangement 
the chisel is instantly turned to the right or to the left to complete both ends of the mortise by the 
<q)erator simply depressing the bent handle at A with his band. 

The wood to be mortiaed is pUoed upon the table m, and is held down by the gnard n, which ia 
set at various heights to suit the depth of the piece. The table m, with a sliding saddle o, ia 
raised bv the treadle and the screw g. This screw haa right and left band threads fitting into the 
pivoted bearings r, r, and serves to adjust the height of the (able m by turning the hand-wheel i. 
The table nt is moved out or in upon the bracket I by the winch u. The bracket is pivoted so a* to 
be set at various angles for making diagonal mortises. 

Machines for cutting tenons in woodwork are constructed under two general modifications, one 
with tlie cutter-spindles parallel to the tenons, and the other with the entter-tpindles transverse to 
the tenons. Figs. 7384, 73B5, are of one of the first kind of tenoning machine, and Figs, 73S6, 73S7, 
one of the second. 

Beferring to Figs. 7334, 7389, a ia the main home ; ( snpporta which also cony the bearing* c of 
the driving shaft d; «, «, are the main cntter-spindlea, mounted on the movable saddles f, /, wbioh 
are adjnsted np and down upon the stand g by means of the screws A and i, the top saddle / being 
raised or loweiied by the sorew i and hand-wheel j, and the two saddle* separated or brought 
together by the screw A ; thereby ganging the thielniess of the tenon between the oatter-hestda at 
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i, OT iti potition on the piece, b; Tailing or loireriiiK both (ftddlea / and / without changing thiii 
ralalive poaitioa. 




The piece to be cat ie pl&ced on the c&iriagB I aguDst tlie guard m, and is held by the clanipiDg 
IsTei n, which is, with the handle o, gnwped b; the operator'B hand. Tlie cariiage I ia mounted on 
lollen inpported iq the two brackets p, p ; this allows it (o idoto freely by hand without the aid of 
powec-feediug machanism, wliich is not suitable foi tlie opeiation, the feed requiring to be fast it 
tome poiots, slow at othen, and at all tiinee regulated by tlie poroeptioa and skill of the npeiakit. 

r, r. are coping or scribiog spindlee, for shaping the shonlders of tenons for moulded piecai, 
the cutters f, t', rotating in a plane parallel to the face of the tenon. These spindles receire 
motion from the vertical shaft t. Fig. T38S. The tension of the belt u that drivee the main euttet- 
spindles e in regulated by the pulley ti okiried on the lever to, which allows the spindle «t to 
be adjusted without changing the utress upon the belt. In cue of the belt u breaking, a spring i 
ii provided to atop the weight i/. Power is conunnnicated to the machine, when from above, to the 
pulley I, or when from below, to the tset and Ioobo pnlleje at A. 

Boring, after tenoning and mortising, is next in importance among the regular operations in 
wood framing. Boring machiuM far regular pnrposet consist in vertical and horiuntjal mschince, 
as they are termed. 

Figs. 73S8, 7B8i), are of a vertical machine armnged with two epindles that hare a lateral adjnrt- 
meol of 10 in., and a vertiral range of IS in. a is the main frame or supporting standard on which 
all the parte are mounted; b is a strung bmokct bolted on the front to support the sliding carriage c; 
this bracket i ia pivoted, and can be set to various angles on the front of the columu a, so that the 
timber d can be bored at various angles ; r, e, are boring epindlee carried in bearings formed in the 
brackets t, i, and driven by the hevel-wheela m, pulleys n, n, and ahafta o. The brackets ■', i, an 
moved out or in upon the frame r by means of racks and pinions operated by the wheels >, (. The 
spindles e, e, and augers /, /, are fed down into the wood d by means of the levers I. (, and the 
handles u, u, and are lifted and kept at the top of their stroke when not in use by means of the 
weights c, n. The shafts o move loosely throngh the pulleys n, n, and the betuings i, to allow of 
the lateral adjustment of the spindles t, t, and brackets >, >. The table or carriage c is moved by 
the hand-wheel i; and a rack and pinion. The wood is clamped by the sliding jaw A. 

Figs. 7390, 7391, are elevations of a horizonfal boring machine with a single spindle, a is ths 
main standard to support the spindle, b a stand to support the lumber, and c, c, auxiliary staitds to 
support the ends of long pieccx. The spindle d runs in bearings attached to the movable &ame t, 
which slideg up or down on the atand a, and is operated by the hand-wheel / and a rack and pinim 
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•t g. The frame or nuldle t is oonnterweighted bj the weight h ftnd a wire rope i, past 
pnlle; k. HotioD ia given to the Bpindlo <1 by the belt 1 1 from the oannterBnoft m, tl 




frame n and weight o compenaating (br the moTement of the Bpindle d, and keepioR the teniion of 
the belt ( nniform. The spindle d ia moved forward by the buidle r, which ia attaobed to a sliding 
rod) Bet parallel to the niindleit All the parte axe mounted on the sole-pUte f, which fornu a ban 
for the machine. Themamoolamnand the borinK spindle with itaattacnments are often famished 
and operated with Ibe maoblDe, Figs. 7378, 7879, m addition to the mortiidne attaohment, ■> that 
the boring and mortiaing majr be draieat tiie aame time, or either aeparatelj, the same carriage 
*''-*-*~'"f la both CMoa. For work of the heftvier clan the lateral adjiutmml of the apindlei U) 
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Begnlu- BhftpJDg oomprefaoida a variet; of opentioiu that miebt be termed planing, aawing, 
moalding, and bo on; but tlie term ia wd to cohtb^ an idea of spooial bb dutiiigaitbed ftcm 
genersl opentlioiu, irlieretbere is not a dnpIioBtion of piecea nor a large nnmber prepared. Irregular 
sliapiug applies to the preparatloD of pieces that have irregular oattinea, pieces that cannot be 
moulded or planed in stnJgbt lines or in tine oirclee. The lumber in irregular shaping, as it can 
Deitber be revolved about a fixed centre nor moved in atrSiigbt lines, has to be formed by patteim 
vitb on outline oorreaponding to the aliape of tbe finished piere required. 

Referring first to machines for regular sbaping, they consist mainly of band-feeding maohinea ; 
the irregular character of the work not justU^iDg or reqniring the complicatioQ that would ba 
unavoidable in presenting and adjnsting the material automatically. Figs. 7™" ""^^ --* "' ' 




are of a 



shaping machine that has a greet range 
of adaptation for moulding, grooving, 
rebating, bevelling, and shaping ; a is 
tbe main frame, cast Id one piece ; i is 
the cntter-spindle, and o the outter- 
block ; t the driving pulley ; » and / 
are tables on which the wood y is 
moved. Tables e, /, have an indepen- 
dent adjnstmeot vertically by muans 
of the screws e and hand-wheela a, 
also a horizontal adjustment on the 
top of the brackets 6, so that the 
throat at the cutters ma; be closed 
up or widened, as tbe nature of the 
work may require, by tuniing the 
screws m and n. The gauge ;; can be 
set at various anglea for bevelled work, 
and is supported on the main frame 
independent of the tables e and /, so 
that they can be raised or lowered 
without changing the position of the 
gange. The bracket b is moved for- 
ward OF back upon the lop of the main 
frame n so as to receive pieces of any 
size within the capacity of the cuttera ; 
or in case of transverse cutting for 
gains or nolohes, the gnard g and 

bracket b may be removed, to leave tbe top of tbe machine entirely clear, 
bolted to the main &ame to support the spindle i. 

Figs. 7394, 7395, are of a cutting and snaking machine, intended mainly for cutting transrasely 
gains, notchea, or taping the ends of fhunmg for rail way .carriage work, to which the machine it 
especially adapted. 

Its functions end movements conform somewhat to these of a metal-shaping machine, except in 
respect to tbe cotters, a is a cored box frame that supports tbe cutting mechanism, oonsutiiw 
of the cnttera I, spindle t, and the reciprocating cutter-bar «; ic^ w, are wrooght-iron rails, npon which 
the raniage c is moved by the pinion at o and tbe targe hand-wheel ^ ; if is the lumber to be out, 
which is placed upon the table 0, either pa^lel or at an angle, as may be nqnjied, and held by 

9 N 8 




H is a strong biaoket 



wooD-woHKnra maohineey. 




nntclieg or gains thtt are to be cut an each piece. The t»r t has a radpiocsting moTement of eiglit 
etrokea a mintite given to it b; the gearing at p, the lever 7, and link A. A cmnk on the iniidcef 
the frame wniking into a slot in the lever j givoa a slo* forward and a quick movemenl t*ek 
stroke to the bar a ; this arma^meiit also provideB for a moro nniform rate of nioveoent in tha 
forward atroke than would be nttainod with a positive crank and link oonneotion. 

The travcrdinK movement of the cutlers und saws at 1 i« variable b; a^jnatnient from to 20 in. 
The cntter-spindle t is inserted in the bearings u eubt upon the sliding saddle g; tliia nddk ii 
balanced bj the weight r, and is moved op or down at will bj- tbe operator, who keeps hi* hind 
upon tho handle at the end. Tha reciprocating movement of the bar » Is slow enough; tho* 
there is time in the intervals at the change of the stroke to raise the sauldle g and eatter^pindla t 
a the back atroko and depress them again, so that the outteis 1 are btoagfat in conta<!t with the 
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uie uuLLuca >. 1 im uuiidT-spindlo t JB driven from the shaft at /, also carried on the reeipncatiiig 
bar (, and is bolted from above to pruflerve a nniform tension of the driving belt z ; i ia the belt to 
drive the reciprocating gearing at p. This machine has been applied to the roHiahctnra of batdi 
gmtings and otber purpose* in docVyardi. 
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collars. 6 1 fr ia the fniae that Bapports the two spindlea a, a, tad the top or 
table ; the apfadlM a, a, have a rotary motion in opposite directiona given by the 
wunlar belta i conn«^ng them with the couitteiatiBfl^. Tlia spindlea n, a, are 
raued or lowered indepeDdeDtlj' by means of the geannft e and hand-wheola d. 
The two apindlea require an accnrate adjuatmenl vertically, so that the cntteia 
will produce the aame form in chEmging from one spindle to the other to snit the 
Kraiu of the wood. The two spindles eu'b required so that by changing the work 
Itom oue to the other the cutting may be done with the grain, and thereby guard 
against accidents. The ontters, which have to be in duplicate pikin right and - 
left hand, are held between the ring-collars, Fig, 7397. Theae coU&ra >', >', have \ 
triangular notchea or grooves that embrace the enda of the cutters, which ate 
bevelled off to fit as at o, . By using a nnmber rf tliese collars «, of proper width, ' 
various combinationg of outtets may be formed m as to produce tnouldisga of 
difTuient hlnda. 

The wood is monnted on end fastened to a model that has the same outline aa 
the pieoe wanted, except that the edges are square, and reet against the running 
collars at m. By pressing the pattern or form against the apindle and moving it 
along at the aame time, the wood la acted upon and shaped by the cutters o. 

Fig. 739S u an Irregular shaping machine with automatic action, by Fd. Arbey, 
of Paris, adapted to the manufacture of gun-stocks, handles for tools, wheel-apnkes, 
aboo-lasts, and so oil A ia the framing, bolted together in the usual manner; a is 
a strong gliding carriage moving on planed guides u, by means of feeding mecha- 
nism on its under side driven by the gearing at n ; 6 is a swinging &Hme pivoted 
at the oeotre t, and provided with beorioga for the cutter-spindle <1; i, i, t, i, are 
supports for the blanks to be shaped, and the two stands a, o, for the fiattemB or 
forms. These stands, < and o, correspond to the poppet-heads of an ordinary lathe, and Lave eoon- 
terwrts or head-atocks >, at the opposite end of the carriage a, which are provided with revolving 
or driving spindles driven by bevel-wheels m. 

The blanks being placed between these poiate are with the patterns t all revolved in mtlson by 
the gearing at tn. At u u, surrounding the cutter-spindle, are spherical bearings that have the 
aame curvature as the cutters c, c, e, c, and rest on the too patterns e, i. By rotating tlie patterns 
t,e, an oadllBling motion is given to the frame 6, courorming to the changes of the pattern > as II 
wogrcsaea with the carriage a, and the cutters c,c,c,c, out four duplicates fnnn the blanks that 
nave been placed between the patterns >, t, on the Bto(^ i, i, i, i. The feed-motion of the carriage a 
ia arreitod by the mechanism seen at /. The cutter-spindle d receives motion from the pulleys r. 

Fig. 7399 is another automatic-acting machine for shaping irregular forms arranged to aot 
upon one blank at a time, but capable of producing more intricate forms, especiallj tool-handles 
that are long, and too flexible to bo act<^ upon with the ordinary cutteis ; a ia the framing, In this 
ease of wood, which is for some ntasons preferable; ■ are the cuttera that aot upon the handle e; 
t is the pattern, a is a pulley mounted on a short shaft provided at each end with spur centres 
that give a coincident rotation to the piece c and the pattern e; the pattern * resting on a, the 
convex support at a causes a vibrating or rocking motion of the main carringo m, on which is 
mounted the supports for the handle and pattern. This carriage m has a longitudinal feed-motioi) 
imparted to it by a screw or a chain placed behind it, and not seen in the engraving. The rototiaD 
of the pieoe c and the end movement combined causes the saw i to out away a narrow section of 
wood in a spiral line, the (mltera acting so lapidty, and the intervals between cutting being short. 
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the stnin upon the piace c i> ao mtmuiderftble tbst evan the thinneal hfmdlw i»n be formed from 
luge or onwked piecea. Thew ini"'h'"'" ore eiteuMvely nwd in North Ameiin for numulMtiiiiiig 




pieceB to eacU nudiine, Iko of 



aie, bamaier, and pick handloa, the product a day bdng aboal 3 
which one man can attend. 

DmKUiUaig Machmci. — Jt U difficult to accoant for the many and pcreigtcnt experiments that 
hftTO for sixty jeatB peat been made in endeavouriag to produce dovetailing ni»chinc«. There ii 
certnialy much let» economy of laboor to be expected from a BucoeBBful dovetailing machine than 
almost any other directed to wood cooversion ; and the many InTsntiona of maohiiieB of this kind 
have been called out ntther fiom a spirit of ingenuity tbao trom any ocoisidBred advantage to be 
gained by them. 

In dovetailing furniture druners, which comprises the greater share of the dovetailing that is Ui 
be poiformed, there is but little need of dovataUinK mocbineg. No other operalinn connected with 
the manufacture of such drawers con be so nipidly and so perfectly done by band as the dove- 
tailing. 

It is one of those peculiar operations where but little power and but a limited amount of edge 
c«n be applied, and the adjustment or changes are so numetotu and rapid that judgment is 
contiaualiy nccewary iu directing the tools, while the strength of the operator is nut only sufficient 
for tba work, bnt is ciiual to the amount of power that can be applied oj machinca. 

Sir Samuel Beiitham .eighty yean ago invented the conical cutter doTetailiiig uwchine, and 
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deaoriboB it ia 1793. Neuly all mBChlnet unoe Inreoted baie been modifioKtions of bu TOrindplA, 



Mling niacu 
3 effected a coiuidemble saving of laboar ia certain IdndB of work, micb as nakiDg plain 
rectangnlar bozca, [laokiiig oaaea, and other woik where the joins and holes are pervions; jet 
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OmBidered as a tmicliiiio or Dovel oouBtruction, and apart from the importuuco of ttio woik 
l>orfomitd by it, tho dcivelailiiig machine of 9. T. Aimrtrong, New York, is one of Ihe most remark- 
aljlo ever iiilrodnccd for workiug wooil. For the maDutactore of reotanRular boiea and for work 
wljeie open doretalling is allowable, this machine prepares the lumber in a, rapid manner, hecaiuo 
of the number of the cutting edges, as Ihese obviuto the dulling and wear which inToriably oucnn 
with machines for similnr purposes having only a limited edge, 

FIkb. 7400 to 7404 are of Armstrong's machine ; Fig. 7400 is a side elevalion, Fig. 710 1 a back 
clevHtion, and Fig. 7402 a plan. 

The two compound cirouhir snws A and B, e»ch ubont 2 ft. dinmpter, are placed inclined to one 
auotlier at an angle of 18°, Figs, 74D1. 7402, corresponding lo tho inclination of the two itidCB of the 
dovetail pins, aim tlioy are gcareil together by two bevelled-toothed rings upon their inner fiices. 
Tlio aawa {un loosely upon two sliort fixo<l axes, and one of them A in driven by the. main driving 
shaft G tliTongh the intermediato bovi'l-wheel D. which gears into a corresponding toothed ring on 
thu outer face of that saw ; the second saw B ia drivun by the first onu A. 

Tho two inclined axes of the saws, one of which is chowu separati'l^ at E in the section. 
Fig. 7404, are fixe<l upon the faces of two small circular dines F ; these duos ara pamllel to ods 
another, and each hna a spindle G on thu outer face. The two smndlea are both iu the line of the 
driving shaft C, and turn in two sookcla in the machine frame The discs F. F, liave two toothed 
SL'Cturs I, I, Bxcd u)>on them, which gear with two pinions on the shaft J J, so that on turning thia 
shaft by the handle H the inclined axes of Ihe two saws are turned roinid simultaneously through 
a quarter revolution ; tho diroction of their inclination ia thus changed from vertical lo liorizootal 
or the reverse, and the point of oonlact of tho two eaws ia rolled rouiid througli a quarter of ■ 
ri^volution. Tiie connection with tlie driving shaft C for driving the saws is preserved during this 
change of position hy the inti'rmoiliato bcvcl-whecl D continuing in genr, whilst rolling round inlu 
tho p"Bitioi] shown liy ttie duttud lilies in FigM. 7400, 7401, the wheel 1) being carried upon the arm 
of one of the tootliod sectors I. Tin.- olijcct of thiii movement is lo change tlie actinn of the bbwb 
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■DKlee lo the Gtce of tlie wood, and when the dovetail holra are to be cnt, Uio two saw* are loqniied 
to be at their full inclination to each other In plan, hut parallul on the edge of the wood, aa in 
FigB. 7407, 7108, so tlutt ooe raw outa the rieht-hand ade and the other the left-hand aide of eaoh 
dovetail bole ; and the two obliqne axea of the sawa are made for this parpoee at the incUiiatlon lo 
give the angle of 18° between the two nw facea. Bnt when a rotation of a qoarter of a elrale ia 
given to these two aiea by means of the toothed «ecloni I, I, the direction of their inclinatiotu ia 
then broDght at right angles to the face of the wood to be cnt, as in Figs. 7405, 7406^ and the edgw 
of the BawB, where in contact with the wood, are parallel lo one another in plan bat inolined in 



re parallel li 
nliel eidee c 



formed at eiacUy the a 



giadoall; increaritie in diameter, as aliown in Fig. 7403. eo aa lo incretue the deptli of rat oon- 
(iuaoasly until the bottom of the dovetail is reached. TJie laet quarter circumferenoe of the eaw- 
blade is made tmlj' circnlar, bat baa the cnlting edge bent over at right angles, so aa to ont at tho 
side, for croae cutting the bottom of the dovetail ; and the latetal prqjeotion of tlie flanged blade ' 
graduall; iocrcaafa nntil it in equal to half the width of the bottom of the bole. For cutting the 
pina of the dovetail, the two aawa lieing then parallel in pliLn, Fig. 7405, the flanged law-brades 
have the edge beut ovL-r inwards eiaotl; at right angles, for cros cutting tlie botira] of the dove- 
tail ; bat for catting the holes, the flanged blades are bent over outwards to an angle of 81° aa in 
Fig. 7407, the two raws being then inclined at 18° towards each other ia plan. 

Id order to traveiae the wood for obtaining a succession of cuts, the table K on which it !■ 
clamped ia traveled across in Aont of the saws witli a continuous feed-motion bj means of the bed- 
screw L, driven by spur-gear from the main shaft C ; and the blade of each saw, instead of being at 
right augles to the axis opon which the saw rovolvea, ia set iaolined like a screw-thread, with 1-in, 
pilch, that being the intended pitch of the dovetails. The bed-screw L also ttavetses the wood 1 Id. 
forwards in each revolation of the saws; and the sawa and the wood are conseqneatl; made to 
traverse exactly together, each saw following op ita own cat correctly, until the out is cniopleted at 
the end of one revolution of the saw ; and the raw Ihon commences the next out at the )Htoh of 
I in. The second nw B does not commence cnltiug until the first saw A has advanoed a certain 
diatance in the work, as in Figs. 7405 to 7412 ; and it continues cutting thronghout at the soma 
distaoce behind the Brat saw, bat completes all the pina or holes at the end. 

Ffi. i_..j J. ;^ gjjgj^ gepmentfl. each 6 in. long. Fig. 7403, and are fixed in Ibelr. 

recess M M in the circomferenoe of the cast-iron boss B ; they are 
I Bcnes of segment platea N, N, at the back, tightened up by two bolts each, 
. eadily released and chuoged, when it is required to sot t)>e maehiue for a 
difierent size of dovetail, or to clinngo from cutting the pina to cutting tho hotca ; and five diflerent 
Hotd of blades are kept for this purjioai-, lo give tho extent of ran^-e in diuioiisionH of duvttails that 
ia rci|uire<l with earh iiiachine; tho Boreral seta vary propoitionalcly both iu tho plsiu and the 
Hanged portiona of the blade. 
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In changing the machine from cutting thd holes to catting the pins of the dovetails, the two 
saw-blades require a slight adjustment endways relatively to each other, in order to take up the 



7405. 



7407. 





7409. 



7410. 



741L 



7412. 





slack that would bo caused in the fit of the doretails by the thickness of tlie saw-cuts themselves, 
and to make the pins fit true and tight in the holes without any shake. This adjustment is obtained 
by rotating the second saw B a certain distance round upon its axis E, Fig. 7404, the toothed driving 
ring R R being for this purpose made loose upon the boss B of the saw, and locked to it by the pin 
P for driving the saw. As the clroumference of the saw-blade is itself in the form of a scrow-thread 
of 1-in. pitch, the effect of turning the saw round upon its axis E is to shift endways the point of 
commencing the cut ; and by this means therofore the cut of the second saw is made to follow that 
of the first at the required distance. The ring R R is marked with graduations corresponding to 
the several adjustments required for chang^g the machine from one size of dovetail to another, or 
from cutting the pins to cutting the holes of the dovetails ; and the adjustment includes the required 
allowance for clearance, to make the pins and holes fit together with any degree of tightness that is 
desired, without requiring anv dressing by hand. 

The saw segments aro all made exact duplicates of one another in the portions fitting on the 
boss of the saws ; and consequently in the wear of the saws, as the segments become gradually 
reduced in diameter by the sharpening, they aro simply shifted each to the adjoining place in the 
oiroumferenoe of the saws, a new segment being required onl^ for roplacing the last or largest 
fianged segment. The change also from the fianged to the plain segments is made by filing down 
plain toeth in the first flanged segment when worn out 

The table K carrying the wood is made with a hinge movement, so that it can be inclined at an 
angle of 45° to its usual radial position, as shown by the dotted lines at T. 

The table K is mounted upon two slides at right angles to each other, like the slide-rest of a 
lathe ; the lower slide receives the traverse feed-motion from the bed-scrow A, and the upper slide 
is moved inwards towards the saws by the hand-lever U, through a disiince equal to the depth of 
the dovetails. The upper slide also carries a half-nut, which gears with the traverse screw L ; so 
that wiien the wood is advanced up to the saws by the hand-lever U, the nut is at the same time 
thrown into gear with the screw L, causing the traverse feed-motion of the wood to commence. 

A scriber S is used to mark off on the under side of the wood the bottom line of the dovetiiil pins 
and holes, in advance of the saws, to prevent the edge of the wood from being broken on the under 
side. This scriber serves also as a gauge for setting the edge of the wood to be cut, whid^ is first 
damped down upon the table K with its edge level with the scriber S, and the wood being then 
moved inwards towards the saws by the hand-lever U, this gives the correct depth of cut for the 
dovetails. 

The working speed of the machine is 150 revolutions a minute, one pin or hole of the dovetail 
being cut at each revolution. 

Kvarfa Dovetailing Machine, — The machine, Fig. 7413, is one of the most complete of those 

X rating with conical cutters capable of dovetailing at various angles, and can be used to 
antage in ship joinery or elsewliero when drawers or boxes are made of other than a rect- 
angular form. 

A is the splndle-frame in which is mounted six or more cutting spindles all driven by the 
belt B. This frame is supported on the cvlindrical slide-bar C, that allows the cutters and 
spindles to be raised or lowered by means of the hand-lever D and the link I. 

The carriage A moves horizontally on slides, and is guided in this direction by the bar K. 
When this bar K is set in a line coincident with the sliding support 0, the spindle-frame and 
cutters rise and fall vertically ; but when the guide-bar K is set at an angle it gives a compound 
motion to the spindle-frame A in rising and falling, and the cutters pass tiirough the wood, which 
is placed on the platfonn at the rear of tlie macliine, at an angle to correspond with that of the 
guide K. The various angles and movements being graduated by figured scales, render the 
adjustment simple and sure. 

The table on which the wood is placed and the clumps operated by the wheel F have also 
various adjustments that give a large range of functions to the machine. 
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Auiomatic Tamitig ifocAiii^a. — HIS. 

Thii clasB of mtolimery baa re- ~ ~ 

eeiTed t, Rreat dwl of attention 
in the United States of Atnerics, 
where wood turaiiiK U exten- 
BiTely carried on. 

Bsad turning ie not only 
eipennTe bb a wood-ooQTetting 

Srooees, but is aleo very imper- 
ict 10 far u the attainlDeilt of 
accurate or unifonn stzea and 
configaration ia nmcemed, and 
there baa been oo «BDt of in- 
centire for the devetopmeiit of 
machine turning. 

It WB« for a ImiK time re- 
garded u impnoticable to pro- 
duce mnooth work by maobine 
proeecaet ; the oonfiguration and 
accnracy were eaailT attained, aa 
well aa the eipeoted gain in t)ie 
■peed of the operations, but the 
■mooth Burfaoe that is left b; 
hand chiseU eeemed to be nn- 
attainable by the maohiuea. In- 
genuity and peraeverance, how- 
ever, tinally trinmplied over this 
obataola, and machine taming ia 
now perfonued quite aa amooth 
aa hand turning. The maehlne 
■hown at Fig. 7411 ia a modifi- 
cation of one of the Ameridan 
antomatto lathea. There are 
others that operate upon aualo- 
goua principles, but the one 
selected will convey a correct 
idcA of their operation. 

The lathe m all of ita parta correaponds to an engine lathe for metal tumini;, having t, slide- 
reat and aorew-feed, with planed guidea and a sliding tail-stook. The wood la placed between 
the centres, and Is flntt acled upon by cutters, that rMuoes it to a ejrlindhoal form, and to U ft' 
die or ring-ieet attached to the 
sliding Cftniage; behind this 
rest there follow two or more 
hinged tools that are raised and 
luwered by means of the tnt- 
lem n, on which they uide 
giving form to the piece, but 
leaving it rougb. Aa the car- 
riage moves along, the n«me c 
movee down at tiie same time, 
bringing the cutter « in contact 
with the piece. This cutter e 
ia shaped on its face so that 
the olge followB the profile of 
the piece and takes OS a thin 
ebaving in the same manner as 
ia done with a hand oiiieel, 
leaving tlie surface smooth. 
The faune c rises and falls 
automatically; in tttct, all the 
movements except placing the 
wood and starting the wood, 
are automatic. The cutteiB are 
shupcd by automatic machinery 
in their manufacture, and their 
expense is so reduced as to fbrm 
no obstacle to their use. 
See Madhihb Tools. 

WOEM. Fk., FiUt d'ane nil ; Gkh., Qeurndt; Ital., Vitc pcrpttiia; SPAN., Tatiilh im Jin. 
The lliread of a screw ia calltd the worm. The name is slso given to a abort revolving screw, 
Ibo threads of which drive a wheel by gearing into its teeth or ooga ; a toorm-wAcel, 

WKKNCH. Fb., Tmme a gavdu j Gaa., Woidei»ra ; Itu,, CAiavt da dadi ; Sp /Ji. , Deitomillador. 

8oe Hand-Tools. 

Y.ERO. Fa,, afro; Oeb., NvBi Ital,, Zero; SPAH., Zero. 

Zero is the point from which tlie graduation of a scale, as of a thermometer, conunencee. Zero 
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in tbo thermometers of Gelcios and B^nmnr is at the point at which water congeals. The zero of 
Fahrenheit's is fixed at the point at which the mercury stands when immersed in a mixtare of 
snow and common salt. In Wedgewood*s pyrometer the zero corresponds with 1077^ on Fahroi- 
hfiit's scale * 

ZIGZAG. Fr., Zigzag; Gbb., Zickzack. 

See FOBTIFIOATION. 

ZINO. Fb., Zinc ; Gee.. Zink ; Ital., Zinoo ; Span., Zinc, 

The name zioc is derived from the German zinn, tin, with which metal zinc was for a long time 
oonfonnded. Commercially, it is known as spelter. Zinc is a blmsh-white metal, very lostroos 
externally, and when broken exhibits a foliaceous crystalline texture. At ordinary temperatures it 
is somewhat brittle, but when heated above 212^, it becomes perfectly ductile and malleable, and 
may then be beaten, out into thin sheets, or drawn out into wire. At a temperature of AOO^ it 
becomes so exceedingly brittle that it may be easily pulverized. At 773° it fuses, and above that 
temperature it is volatilized, and may be distilled. If the vapour be exposed to the air, it bums 
very brilliantly with a bluish-yellow fiame, and is converted into oxide of zinc, which is deposited in 
copious white flakes, the flowers of zinc, or lana phUosophica of the older chemists. In this state of 
oxide, it is largely prepared as a pigment, and is known as zinc white. It is of a purer colour than 
white-lead, and, unlike the latter, it does not tarnish and blacken with sulphuretted hydrogen; it is 
also much healtliier for use by operative painters, but unfortunately in this respect, its use is limited 
by a want of body. The discovery, towanls the beginning of the present century, that zinc could be 
rendered malleable and ductile has greatly extended ite uses, and placed it in a position of con- 
siderable importance with respect to the other metals. One property possessed by zinc is that of 
becoming coated, when exposed to a moist atmosphere, with a thin compact film of oxide, which 
effectually protects the metal beneath from further oxidation. Hence the value of zinc as a material 
for roofing, and also for protecting the surface of iron from oxidation. 

The symbol of zinc u 2n ; its atomic weight, 82*75; molecular weight, 32*75; specific 
gravity, 6 '8. 

Zinc is found in nature only in a state of combination ; its principal ores are the sulphuret 
kiio¥m as blende, and the silicate and carbonate which are confounded under the name of calamine. 
Blende, called in Cornwall black-jack, contains when pure about 67 per cent, of zinc ; it is, however, 
seldom found in a pure state. The usual composition of English blende is zinc 61, iron 4, and 
sulphur 35. It occurs in all the older geological formations, and is frc(^uently found associated with 
the ores of copper and tin, but chiefly with the ores of lead. In this country the localities which 
produce blende are Wales, the Isle of Man, Derbyshire, and ComwalL Sweden is very rich in this 
mineral, and in several localities on the Continent it is found in considerable quantities. Blende is 
of a brownish colour ; but in this countrv. in consequence of the presence of sulphuret of iron, it has 
a dark appearance ; hence its name of black-Jack. It crystallizes in the form of the rhomboidal 
dodecahedron, and the crystals possess considerable brilliancjr. Calamine, when pure, contains 
about 52 per cent, of zinc ; but its composition varies much, it is usually of a dull yellow or of a 
reddish-brown colour; its primitive crystalline form is the rhombohedron, but, like blende, it 
occurs more frequently massive than in crystals. Formerly large quantities of this mineral were 
raised in Somersetshire and exported as ballast, its valao being then unknown ; Cumberland is the 
only locality in this country that now produces calamine in considerable quantities. Belgium, 
Silesia and Carinthia, and the north coast of Spain, are rich in tliis ore. 

Zioc is extracted from its ores by calcining them with carbon, after having roasted them and 
reduced them to a fine pow<ler in clay pipes arranged in furnaces constructed for that purpose. The 
blende is converted into oxide by oxidation, and the carbonate also gives oxide by losing carbonic 
anhydride. The oxido when calcined with carbon gives metallic zinc. The apparatus employed in 
the reduction of zinc may be constructed to allow the metal to fiow out at the bottom as it fuses; 
this method is known as distillation per descens'tm, and is the one usually employed in England. 
With another arrangement of the apparatus, the zinc is reduced to vapour and then distilled ; this 
latter method is known as distillation per ascensum. 

The zinc of commerce is never perfectly pure ; it always contains a little carbon, arsenic, iron, 
manganese, and more rarely, tin, copper, lead, cadmium, and sulphur. It cannot be freed from 
these metals by distillation even. The best way to obtain it pure is to reduce pure oxide of zinc by 
equally pure carbon, prepared by calcining loaf-sugar. Zinc decomposes vapour of water at 212°; 
when cold, it substitutes itself for the hydrogen of the acids ; the preparation of hydrogen is founded 
upon this property. Grold, silver, platinum, copper, bismuth, antimony, tin, cadmium, mercury, 
lead, and tne other metals less oxidizublo than itself, are precipitated by zinc from their saline 
solutions. When hot, the hydrates of potassium and sodium, and even the solution of ammonia, 
dissolve zinc with a liberation of hydrogen. With the fixed alkalies, there is formed in this case 
idkaliue zincates. 

2(h}^) + «" = l°K + u] 

Potaasa. Zinc Zincate of potassa. Hydrc^gen. 

As a diatomic metal, zinc combines with two atoms of chlorine, bromine, and iodine, giving a 

(fl { Rr ( I 

Qi , a bromide 2u{ i{.« &^d an iodide iSnj j . It forms besides with oxygen a protoxide 

ZnO, and a binoxide ZnO^. To the protoxide corresponds a hydrate jj >0,, which furnishes a 

series of salts by the substitution of the radical acids for the typical hydrogen it contains. With 
sulphur, zinc forms but one combination, namely, a monosulphide Zn S, which, under the name of 
blende, is the most abundant of its ores. The combinations of zinc with the mouatomic metalloids 
have now to be considered. 
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Chloride of Zinc^ Zn <ri . — Chloride of zinc may be obtained by heating zinc in a current of 

chlorine. The metal bums in this case, and is converted into chloride. But this chloride may be 
obtained much more rapidly and cheaply by dissolving zinc in hydrochloric acid. 

fCl . H\ 

[01 + H/ 

Zinc. Hydrochloric Add. Chloride of zioc. Hydrogen. 

When the metal is dissolved, the Eolution is filtered to remove the impurities that do not dissolve, 
and afterwards evaporated. As soon as evaporation is complete, the mass is fused and run upon a 
clean stone, and immediately after solidification pounded and placed in a well-stopped bottle. If it 
were allowed to cool while exposed to the air, it would become moist on the surface. To the older 
chemists this substance was known as butter of zinc. If instead of completely evaporating the solu- 
tion the operation be stopped when the liquor has become very concentrated, the chloride will be 
deposited Dy the cooling of the solution in hydrated crystals. 

Ohloride of zinc is of a greyish colour ; it fusee at about 482°, and at 752° it begins to vapourize. 
It is an extremely diliquescent substance. It evolves much heat on dissolving in water, and its 
avidity for this liquid is such that it destroys the tissues of the body by taking up the water which 
they contain. For this reason it is often employed in medicine as a caustic. Alcohol also dissolves 
chloride of zinc. If such a solution be heated the alcohol will be dehydrated, and according to the 
proportion of chloride employed, there will be produced ethylene 6, n^, or ether 6^ H|, O. 

+ 



e,H,e 

Alcohol. 

2e,H,e 

AkohuL 



Water. 
Water. 



Ethylene. 
Ether. 



(Br 
P^ . — ^The bromide is obtained in the same way as the chloride, and it 

possesses similar properties. 

Iodide of Zinc, %n || . — This substance is prepared by pounding iodine and zinc dust in water; 

it is of a white colour and is soluble in water. Iodide of zinc is of ver^ little importance ; according 
to Bouchardat it might be employed in medicine in preference to the iodide of lead. 

The combinations of zinc with the diatomic metalloids serve some important uses, and offer 
several points of interest. 

Protoxide of Zinc, i&n O. — For industrial purposes, some of which we have already alluded to, the 
protoxide of zinc is prepared directly b^ the combustion of the metal. This is effected bv heating 
the zinc till it gives off vapours, and then setting it on fire ; the smoke caused by the combustion is 
carried by a current of air through a series of chambers where the oxide is deposited. Tlie oxide 
of zinc is also prepared by heatine the hydrate of this metal, by calcining the nitrate or the 
carbonate, and by heating the bismphite obtained by the action of sulphurous anhydride upon 
blende pulverized and in suspension in water. At ordinary temperatures this oxide is white ; it 
liecomes yellow when heated, but resumes its original colour on cooling. When obtained by the 
calcination of the metal, it is light and has a woolly appearance ; if prepared from the bisulphite, 
it has a spongy appearance, but is equally light ; but when obtained by calcining the nitrate, it is 
pulverulent and heavy. 

The oxide of zinc is absolutely fixed ; water dissolves only tW&tr; of it, but this is sufiScient to 
be sensible to litmus paper. It is a basic anhydride, making the double decomposition with the 
acids, and gives well-defined salts, isomorphous with those of magnesium. 

Hydrate of Zincj^\ O, . — If an alkaline solution be poured into the solution of a salt of zinc, 

a precipitate is formed which, when collected upon a filter and well washed, constitutes the hydrate 
of zinc. This hydrate loses a molecule of water under the influence of heat, and leaves a residue of 
anhydrous oxide of zinc. 

Hydrate of zinc produces the double decomposdtion with the acids, and gives salts which are due 
to the substitution of the radicals of these salts for its typical hydrogen. It must be considered as 
a somewhat powerful base ; yet in the presence of the very powcoful bases, it may also exchange its 
hydrogen for a metal and give zincates ; in such a case it plays the part of a weak acid. 



1. 



2. 



Hydrate of sina 
Hydrate of zinc. 



Nitric add. Nitrate of sine 



Potauic hydrate. 



Nitrate of sine 
Water. 




Zincate of potaaia. 



Sulphate of Zinc, ^1\ O, . — In the laboratory, sulphate of zinc is prepared by dissolving metallic 
zinc in dilute sulphuric acid. 



JSn 
Zinc 



Salph vie add. 



ftnj 
Sulphate of sine. 



i) 

Hydrogen. 



The residues from the preparation of hydrogen are utilized for this purpote ; these liquors need only 
to be filtered and crystallized. 
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For industrial purposes, it is prepared by roasting blende or natural BOlphide of zinc ; oxygen 
thus enters into combination with this substance and converts it into a sulphate. The mass is then 
treated by water, which dissolves the sulphate of zinc; it is afterwards decanted and crystallized. 

ZnS + 2(1}) = S|^}o. 

Sulphide of sine. Oxygen. Sulphate of zinc 

To render it more easy of transport, this salt is fused in its water of crystallization and run into 
cakes. 

Sulphate of zinc dissolves in two or three times its weight of water at ordinary temperatures. 
At theiie temperatures it crystallizes with 7 molecules of water of crystallization ; it may also crys- 
tallize with diiTerent quantities of water when the conditions under which crystallization takes 
place are varied. In every case the crystals of sulphate of zinc are isomorphous with those of the 
sulphate of magnesium that contain the same quantity of water. 

This sulphate combines with the alkaline sulphates, and gives double salts which cTystallize 
with 6 molecules of water. The double salt of zinc and potassium corresponds to the formula 

When heated to a high temperature, sulphate of zinc is decomposed, and leaves a residue of 
oxide of zinc. 

Binoxide of Zinc, Zn O, . — The binoxide is obtained by acting on the protoxide with oxygenated 
water. 

ZnO + H,e, = H,e + ZnO, 

Protoxide of zinc. Oxygemited water. Water. BinuxHle of sine. 

It is a very unstable substance. 

Sulphide of Zinc, jSn B. — Sulphide of zinc is found native, and, under the name of blende, consti- 
tutes, as we have seen, the principal ore zinc. It may be obtained artificially by precipitating 
a salt of zinc by means of the soluble sulphides. 



^f^}^« + k}« = ^k:}^« 
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Sulphate of zinc Sulphide of Sulphate of Sulphide of sine. 

potamlum. potaMlum. 

When roasted, the sulphide of zinc is converted, according to the temperature, either into a 
sulphate or into sulphurous anhydride and oxide. 

1. ans + 2(1}) = 9|^}e. 

Sulphide of zinc. Oxygen. Sulphate of zinc. 



2. 2Zn9 + 3 



(^}) = 2Se, + 2«ne 



Sulphide of zinc. Oxygen. Sulphuronz Oiddeofzlnc. 

anhydride. 

Sulphide of zinc dissolves in the acids with a liberation of hydrosulphuric acid. 



ans + 2(H}) = *n{g} + I) 



S 



Sulphide of zinc. Hydrochloric acid. Chloride of zinc. Sulphuretted 

hydrogen. 

Carbimate of Zinc. — ThQ carbonate of zinc is also found in nature, and is known as calamine. It 
is one of the ores of zinc ; but, except in the metallurgy of zinc, it has not been applied to any 
purpose. 

Reactions of the Salts of Zinc. — The characteristics of the salts of zinc are the following; — 

1. Hydrosulphuric acid does not precipitate them, unless the salt is derived from a weak acid, 
such as acetic acid, in which case a white precipitate of sulphide of zinc is formed. 

2. Both potassa and ammonia throw down uom their solutions a white precipitate of hydrate of 
zinc, soluble in an excess of the reagent. 

3. Sulphide of ammonium produces in them a white precipitate of sulphide of zinc, soluble 
in dilute hydrochloric acid. 

4. The carbonates of potassium and sodium give with the salts of zinc a white precipitate of 
carbonate of zinc insoluble in an excess of the reagent. 

5. The carbonate of ammonia acts in the same manner ; but in this case the precipitate dissolves 
in an excess of the reagent. 

Professor Miller sums up the characters of the salts of zinc as follow ;— The salts of zinc are 
colourless ; their solutions have an astringent metallic tasto, and net rapidly as emetics. They are 
distinguished by giving no precipitate in acid solutions with sulphuretted hydrogen, but they yield 
a white hydrated sulphide of zinc with sulphi le of ammonium. 
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.BACUS, 1. 
Abattis, 4. 
Abattoir, 5. 
Ahflorptiun. 421. 
Abstracting dimensioiui, 5. 
Abutment, 6, 695. 
Abutting Joint, 5. 
AooelenUed motion, 5. 
Acceleration, 6. 

Aocnmnlator, ArmBtrong's, 1903. 
Achromatic lens, 8. 
Acre, 8, 

Acreage, railway, calculation of, 2710. 
Adams' bracket fastening for penuunent way, 
2592. 

brake, 695. 

girder rails, 2694. 

suspended girder rails, 2595. 

Addis' wrougbt-iron sleepers, 2589. 
Addressing machine, 8. 
Adhesion, 8, 1341. 

of locomotives, 1341. 

Adit, 10. 
Adze, 10. 
Adxca, 1806. 
Alter-damp, 10. 
Agrlcultnral engines, 32. 

implements, 11. 

Aich's metal, 33. 
Air-blower. Owynne's, 311. 

brick, 33. 

chamber, 34, 2677. 

compressing engine, 620. 

compressor, 524. 

drain, 36. 

engine, 36. 

escape, 37. 

grating, 34. 

gun, 38. 

— holes, 38. 

pipes, 38. 

pumps, 39, 2691 . 

Bamett and Foete^•^ 2691. 

resistance of, in mines, 62. 

shaft, 41. 

stove, 41. 

trap, 41. 

valve, 41. 

velocity of, in mines, 69. 

way, 41. 

Ajutage, 41. 

Albert Harliour at Qrecimck, 1838. 

Albini's ship's compass, 1010. 

Algebraic signs, 41. 

Allan's feed-pipe connection for locomotive 

boilers, 1463. 
Alloys, 46. 

component elements of, 49. 

fuslbUity of, 47, 49. 

hardness of, 48. * 

of antimony. 111. 

of arsenic, 145. 

of Msmuth, 337. 

of copper, 1060. 

of gold, 1697. 

of iron, 2038. 

of lead, 2214. 

of manganese, 2364. 

of silver, 2874. 

oxidation of, 48. 

specific gravity of, 47. 

Alluvial deposits, 60. 
Aluminium, 50. 

bronze, 51. 

Amalgam, 51. 

Amnlgamatlng roacbine, 51, 1118. 

pan, 66, 2879. 

Amalgamation pun, 54. 



Amalgamator, Attwood's, 56. 
Ambler's continuous brake, 686. 
Ambulance, 66. 
Ammonia in water, 3063. 
Ammunition, 68. 
Amsterdam level, 113. 
Analysis, water, 3062. 
Anchor, 68. 

for steam ploughing, 12, 22. 

of Victoria Dock gates, 60. 

Andre's hydraulic mlidng pump, 267T, 2686. 
Anemometer, 61. 
Angle-bead, 90. 

brace, 90. 

brackets, 90. 

iron, 93. 

of friction, 92. 

of repose, 92, 95, 2741. 

<.r V bobs, 2676. 

rafter, 95. 

Angular motion, or velocity, 95. 
Anlmal<harcoal machine, 104. 
AnnpiaUng ftimace, 110. 
—— kiln, Croasley's, 3188. 

steel for cutting-tools, 202. 

Annular piston, lie. 

Anstruther's electro-Gbronoflcope, 1771. 

Anti-corroflion, 110. 

Anii-corroeive paints, 1093. 

Anti-friction curve, Schlele's, 1586. 

Anti-friction metal, 110. 

Antimony. 110. 

Anvil, 112, 1808. 

Aperture. 112. 

Applelnr Brothers' pile-driver, 2636. 

Ai^ld s brake apparatus for laying submarlbe 

cablet, 619. 
Appolt's coke-ovens, 2666. 
Approaches, 112. 
Apron, 112. 

In ship-building, 112. 

Uning, 113. 

piece, 113. 

Aqueduct, 113. 2147. 
Arch, 121. 

basket-handled. 265. 

oblique, 700, 727, 790, 2617. 

calculation of curves, 2522. 

development of the curve of oblique 
section, 2618. 

example of, 2526. 

ImpofltB, 2626. 

prqjection c^ spiral line upon a 
^Undrical surface, 2519. 

projection of spiral surface, 2519. 

to flnd the oblique section, 2618. 

twisting roles. 2523. 

voussoirs, 2623. 

Arched trues, McCallum's Inflexible, 677. 
Ardies, abutments and pien of, 696. 

buttresses, 697. 

elliptical, 684. 

general information for, 698. 

— — general observationg on the oonstractfan of, 
697. 

head-rings, 696. 

parallel, in echellon, 734. 

piers, 697. 

plinUiB and cordons, 696. 

proportions of various ptfts, 696. 

segmental, 688. 

seroidrcnlar, 681. 

voussoirs, 696. 

Archimedian screw, 123. 
Ares, 128. 

drain, 128. 

Areas, water supply and drainage, 3061. 

Argentan, 128. 

Armandle's balance-beam pump. 1946. 



Arm-band, 128. 

Arming press, 12i. 

Armour, 129. 

Armstrong's accumulator, 1963. 

dovetailing machine, 3112. 

Arrastre, 142. 
Arris, 143. 

fillet, 143. 

gutter, 143. 

rail. 143. 

wise, 143. 

Arsenic, 144. 
Artesian well, 146. 
Artificial stone, 160. 

water-channels, 3062. 

Artillery, 160. 

Aahlar backed with rabble, 2376. 

bastard, 266. 

in copings, 2376. 

or ashler- work, 179, 3373. 

Ashlering, 179. 
Ash-pan, 180. 

pit, 180. 

Asphalts, 180. 939, 2783. 

composition for street paving. 939, 3783. 

Assay balance, 217. 

Assaying. 182. 

Atom, 189. 

Atomic weights, 189. 

Attemperator, 196. 

Attic, 197. 

Attwood's amalgamaUv, 56. 

machine, 7, 197. 

Auger, 197. 

Autodynamic elevator, Ghompeaiir's, 1938. 

Automatic shaping machine for wood, 3115. 

Awl, 203. 

Axe, 203, 1806. 

Axis, 203. 

Axle-bearings, madiine for boring, 3345. 

box, 211. 

grease, 203. 

lathe, 2342. 

tree, 211. 

Axles, 203. 

raUway, 2403. 
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iABBrrSmeUI,211. 
Back, 211. 

day, 211. 

Backer, 211. 
Back-flap, 211. 

hearth, 211. 

In brewing, 211. 

Backing, 211. 
Back-Joint, 211. 

lash, 211. 

lining of a boxing, 211. 

of a sarii-firsme, 211. 

links, 211. 

of a window, 211. 

Backwater, 211. 
Hadigeon, 211. 
Bag, 211. 
Balance, 211. 

beam pump, Annoadie'i, 1946. 

hot s. 2676. 

valve, 217. 

BalecUon. 217. 
Balk, 217. 

BaU-and-socket joint, 317. 
Ballast, 317. 
Ballasting, 684, 3725. 

and boxing, railway, 3736. 

Ballast-wagon. 218. 
BaU-oock, 217. 

lever, 217. 

valve, 217. 
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Balaiter, 318. 

Balustrade, 218. 

Banding plane, 218. 

Band aawing madilne, 3089. 

Banker, 218. 

Bank<4iote printing machine, 218. 

Banquette, 1633. 

Bar, 222. 

Barbette, 222, 1&33. 

Barge-board, 222. 

oonplea, 222. 

ooorse, 222. 

Barker's mUl, 230. 
Karley-dressing machine, 222. 
Barlow's cast-iron sleepers, 2587. 

rails, 2693. 

Bamett and Foster's air-pump, 2691. 
Bam machinery, 223. 
Barometer, 235, 2451. 
Barometric calculations, 239. 

tables, 340. 

Barracks, 244. 
Barrage, 250, 1136. 

movable^ 266. 

Barrel, 264. 

cinrb,264. 

drain, 264. 

Barrier, 264. 
Barrow, 264. 
Bars, guard, 265. 

riTer, 2762. 

Bascule bridges, 265. 
Base lines, 265, 2954, 29J5. 
Basement, 266. 
Base plate, 266, 394. 
Basing 366. 

Baskel^^Mndled arch, 265. 
Bastard ashlar, 266. 
— ^ stucco, 266. 

toothed file, 265. 

Bastion, 266, 1633. 
Bat, 266. 

Batehelar's kiln, 3187. 
Bates, 265. 
Bateau-vanne^ 364. 
Bath, 366. 

metal, 366. 

Batten. 366. 

Battenhig, 366. 

Batter, 366, 3373. 

Battery, Mchromato of potash, 370. 

Bunsen's, 369. 

Dalgleiah's, 539, 540. 

Dantell'a, 369, 539, 2984. 

employed to crush auriferous rocks, 272. 

nlvanio, 266, 534. 

Grove's, 534, 539. 

Hare's, 268. 

Leclancb6's, 2984* 

HcCallan's, 539. 

Marie-Davy's, 2984. 

— Htnotti's, 2984. 

Muncke's, 268. 

ship's, 276. 

Smee'^ 539. 

Wollaston's, 268, 539. 

Baulk, 217. 
Bay, 292. 

of Joists, 292. 

of roofing, 292. 

Beacons, buoys, and lights, 2255, 2277. 

Bead, 292. 

— — and batten work, 293. 

butt, 293. 

flush, 293. 

Beam, 293. 

compasses, 1006. 

— engine, 2910. 

filling, 293. 

Beams, continuous, 2395. 

cast-iron, experiments on, 764. 

deflecUon of; 2397. 

flitch, 2408. 

— rolled iron, strength of, 2406. 
Bearer, 293. 

Bearing 293. 

and sheet piles, 2618. 

—- distance. 293. 

out, 293. 

Bed, 293. 

pUte, 294. 

Bedding stone, 294. 

timhem, the nrocess of, 293. 

Beetle, 294. 
BeD,294. 
crank, 397. 



Bell banging, domestic, 297. 

meUl, 298. 

inpt 299. 

Bellows-pump, Motto's, 1945. 

Bells, csstlnff, 1549. 

Belting, chain, 336. 

Belts and pulleys, dimensions of, 317. 

maitnfjicture of, 312, 2014. 

slip of, 299. 

tension of, 303. 

transmission of motion by means of, 299. 

Bench, 336. 

hook, 336. 

marks, 336. 

Bend. 337. 

BergstroBm s boring machine, 523. 

Berm, 337, 1533. 

Bemoi's file-catting machine, 1466. 

Bessemer steel process, 2923. 

steel rails, 2598. 

Beton. 337. 
Bevel, 337. 

angle, 337. 

Bevelled gearing, 1635. 

Bevels and squares, 1815. 

BeviU 337. 

Bidiromate of potash battery, 270. 

Bickford's fuie-making machine, 1607. 

Blgnon's funnel, 1597. 

Bilge-pumps, 1940, 2690. 

Binders, 837. 

Binding joists, 337. 

Bird's mouth. 337. 

Birmingham wire gauge, 1620. 

BiBcult madiine, 337. 

Ksecting gauge, 2444. 

Bismuth, 337. 

Bits, 338. 

and braces 1822. 

Blake's stone-breaking machine, 2544. 
Blakiston's trou^<«baped rtdlway chairs, 3593. 
Blast ftimaoe, 338, 3046. 

utUixation of waste gases firom, 353. 

hot, 3054. 

machines, tan, 376. 

pipe, 366. 

BlasUng, 338, 539. 

at Holvhead Harbour, 533. 

at Seaxord, Suasez, 560. 

demolition of fort Iqr, 539. 

explosive compounds employed in, 681. 

gunpowder, Soiwartz's^ 583. 

Blende, 3116. 
Blind area, 366. 
Blinding, 366. 
Block, 366. 
Blockhouse, 367, 1533. 
Blocking, 366. 

course, 367. 

Bloom, 367. 

Blooming machine, 367. 

Blowing engine, 368, 2053. 

engines, Dowlais Iron-works, 372. 

machine, 368. 

ventilaton, 1463. 

Blow-off cock, 380. 
Blow-pipe, 182, 380. 
Board, 380. 

Boord-and-brace work, 380. 
Boardbig, 380. 

Joistt, 380. 

Boasting, 380. 

Body-plan, ship-building, 380. 

Boiler, 389, 2853. 

Boardman's, 472. 

Benson's, 473. 

Oochrane's, 469. 

Daglish and Go.'s, 466. 

Dickeraon's, 454. 

Dnndonald, 433. 

Dunn's, 456, 466, 471. 

Field, 472. 

Howard's, 469. 

Hawksley, WUd and Co.'s, 466, 472. 

— Humphrys', 459. 

James', 430. 

Loader and Child's. 474. 

locomotive^ aS9, 474, 1085. 

American. 476. 

BeatUe's L. & S.W.R., 476. 

Cross's, 476. 

-— Hasswell's Austrian, 476. 

R. Stephenson's, 477. 

8.E.R., 478. 

Wakefield's O.S. & W.R.. Ireland, 478. 

marine, 389, 451, 2853. 



Boiler, Montgomery's, 434. 

Mont Stonn'a, 456. 

Ogle's, 43a 

'— putte bending madilne^ lOf 1. 
—^ —^ flanging madiloe, 1090L 

plates, 478. 

practical rules. 428, 429. 

Smart and Co.*a, 466. 

Thomson's, 389. 

— — > varioos kinds of, 431. 

wagon, 390. 

Whittle, 390. 

WUUamson and PerkinB', 466. 

Wri^f a, 472. 

Boilers, anti-corrosive, 1088. 

corrosion oi; 1086. 

feed-water appantoa, 1161. 

beatii^ surftoe of, 440l 

incrustation oC 3002. 

locomotive, mountings tor, 1188. 

preventt<m of incrustation, 2883L 

priming of; 448. 

stationwy, 466. 

tubular, 441. 

Woolwich Factory, 484. 

Boiling-pofait, fixity of tbe tempanttaiti8»4U 
InfloeDoe of substances In dlmtatt 

431. 
Bolfe's hydraulic nun, 1871. 
Bol8ten,478. 
Bolt-heads and mita, hexagon, 

3517. 
Bolt-heads snd nnts. welgbt oC 2617. 
Bolting and dreasing marhinws^ floor, ! 

mill, 479. 

Bolts, 479. 

and nuts, 3617. 

forging, 1537. 

Bolt threading machine, 2S42. 

Bond, 479. 

—' common, 481. 

— course, 481, 483. 

— — diagonal, 48L 

Flemish, 479. 

— ^ Frendi mOitaxy engtneerik 488. 

garden-wall, 479. 

heart, 481. 

IDruisvertMmd, 480. 

old English, 478. 

hmglng,48]. 

thnber, 481, 482. 

Tyerman's patent boop-troo^ 48L 

Bonding bricks, 483. 
Bone-crushing mill, 13, 482. 
Bone-mill. 13, 483. 
Bonnetk 1633. 
Boom-derrick. 3343. 
Booth's steel-headed rails, 3598. 
Boot-making machinery, 486. 

sewing machine. 496. 

Boring, accidents attending, 500. 

and blasting, 498. 

and drilling madilnes, 2326. 

for roineTals, 498, 1299. 

for water, 145. 

for water, London. 160. 

for water, Paris, 151. 

. machine, wheel, 2314. 

wood, 3104. 

madilnery, BergstrtEm's, 623. 

Low's, 515. 

Mather and Piatt's, 528. 

tools used in, 146, 153. 

wheel-hubs. Silver's hsnd machine, IML 

Borings, tubing for, 513. 
Bottling machine, 683. 

Davidson's, 683, 

-Hayward Ty\et% 682. 

Bottoming, 684. 
Boulder paving, 684. 

walls, 584. 

Boundariea, 584. 
Bow-compass, 584. 

drill, 584. 

pen, 584. 

-^ saw, 584. 

Box, 584. 

— — sextant, 2974. 

Boxing and ballasting; railway, 2T36. 

of a shutter, 684. 

Boyau, 584, 1533w 
Brace. 584. 

Braces and bits, 1822. 
Bracket, 584. 
Brake or break. 685w 
Adams^, 595. 
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Brake, Amblo's, 686. 

— apparatus for laying submarino cables, 

Appold's, 619. 

continuous, 666. 

Davis*, 694. 

dynamometer, 616. 

— Kmerson's 627. 

Prony's friction, 616. 

Fair's, 699. 

Oilman's bemp, 628. 

Goodnow's, 696. 

Guerin's, 608. 

Ingram's, 608.' 

Krauss and Co.'s, 614. 

Landaee's, 613. 

Lee's, 694. 

Newall's, 699. 

Stilmant's, 688. 

various forms of, used in France, 693. 

Brakes, experiments on the power of, 1361. 

steam, 611. 

Bramah press, 1983. 
Brandering, 629. 
Bran-separator, 228, 629. 
BrasSt 629. 

and copper, tinning off 1668. 

founding, 1656. 

guns, casting, 1649. 

Brazing copper, 629. 

eoidera, 629. 

Bread and Uacuit machinery. Vicar's, 63t. 

machine, 630. 

Brvad-making machinery, Watson's, 630. 

Breaking Joint, 479, 640. 

breakwater, 629. 

Breast-wall, 640. 

—— water-wheel^ 640, 1916. 

wheel, 640, 1916. 

— work, 640. 1633. 

Breckon and Dixoo's coko ovans, 2664. 
Breeze, 640. 

oven, 640. 

Bressunmiier, 640. 

Brewing apparatus, 640. 

Brick oonduits, 3062. 

— - drying apparatus, rarish's, 65^. 

kiln, EngUah, 660. 

firing, 661. 

Indian, 660. 

BridE-making machinery, 642. 

Clayton and Co.'s, 642, 650, 663^ 654. 

Large's, 656. 

Murtha's, 661. 

Gates', 642. 

putt and Co.'8, 647. 

nogging, 666. 

trimmer, 666. 

Brteks, bonding, 482. 

burning, m damp, 661. 

clinker, 661. 

— ^ drying, 659. 

moulding, 659. 

— — place, 661. 

stock, 661. 

Brickwork, 1023, 2718. 

Bridge, 2C5, 665, 727, 2617, 2719. 

Britannia, 740. 

Broadwall, 756. 

buUding. Boebling's system. 702, 727. 

Charing Cross, 748. 

— — Chelsea suspension, 764, 863. 

construction, timber, 736. 

head, 880. 

hydraulic swing, over the river Ouse, 791. 

improved Howe truss, 676. 

Ijong's truss, 672. 

McCallum's inflexible arched truss, 677. 

~-^ Monongahela Kiver, 758. 

Steele's Improved Burr truss, 674. 

the Burr truss, 671. 

the Howe truss, 673. 

trussed girder, calculation of different 

strains, 721. 

Wellington Street, 756. 

Bridges, bascule, 265. 

chain and suspension, 760. 

combined suspension and truss. 680. 

girder, bearing roller^ 787, 789. 

calculation for simple lattice, 797. 

cross-girders, 776. 

floorhig of, 774. 

horizontal trussing, 778. 

loads applicable to principal girders, 
787. 

loads applicable to railway bridges, 
788. 



Bridges, girder, loads applicable to road bridges, 

788. 

— — moments of rupture, and shearing 

strains for, 766. 
INK>portlon between span, bearing, and 

total length, 787. 
rivctings and bolts, 773. 
taldes of formulsB, 866. 
vertical trussing, 777. 
weight of puts, 783. 
wci^tofroad,868. 
iron, 680. 739, 748, 766. 
oblique, 700, 727, 790, 2617. 

helicoldal arrangement, 727. 
orthogonal arrangement, 732. 
parallel arches in ecbclkw, 734. 
timber, 734. 
skew, 700, 727, 790. 2517. 
stone, 683. 739, 2517. 

dimensions of existing, 699. 

formula for principal dimensioDB, 699. 

suspension, 741, 760. 

wooden, 671. 

Brismne, 1533. 
Britannia Bridge, 740. 

metal, 880. 

Bronze, 88a 

— aluminium, 61. 

Bruckner's cylinder for roasting silver ores, 

2649. 
— — process for chloridizlng silver ore, 1603. 
Buckled plates, strength and weight of, 2410. 
Buddie, 880. 

for lead ores, 2539. 

Buddling tin ores, 2528, 2529. 
Buffer, 881. 

Sterne's, 882. 

BuflBng and drawing apparatus, Cbattaway's, 

881 
Building. 883. 
BuUet-making machine, 883. 

Anderson's. 885. 

Gnstar's, 885. 

Bung-cutting machine, 886. 

Bunsen's battery, 269. 

Buoys, lights, and beacons, 886, 2265, 2277. 

Burel's reflecting level, 1007. 

Burnisher, 886. 

Burr bridge, 671. 

truss, 67Z 

— — Steele's improved, 674. 
Bush. 986. 

Butterfly-valve, 886. 
Buttock-line. 384. 

Buttress, 886, 2747. 
Butt-weld, 886. 
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ABLFi, 886. 
Cables, chain, strength of, 2387. 

experiments to determine curvature of, 893. 

strength of, 691, 2387. 

Cage, safety, 897. 
Caisson, 898, 1021. 
CaLimine, 3116. 
Calculating instramenta, 2. 
Calender, 899. 

More's, 900. 

Thomson and Co.'s, 899. 

Callgny's conical pump, 1938. 
Calipers, 903. 

and oompassee, 1830. 

Calking, 903. 

iron, 903. 

Calorific action in the formation of steam, 422. 

capacity of bodies, 392, 394. 

— — — of gases, 393. 

power, application oC 401. 

Cam, 903, 1638, 2424. 

Camera ludda, 906. 

Campbell and Co.'s floating dock, 1261. 

Canal, 907. 

locks, 2307. 

Suez, 917. 

Canals, motion of water In, 907. 
Candle-making madilne, Harrison Gambo's, 929. 

wicks, 926. 

Candles, 922. 

composite, 928. 

dips, 926. 

moulds, 927. 

Oumon casting, 1656. 
Caoutchouc, 929, 2004. 
Oaponnl^ 1533. 
Capstan, 929. 
Cardboard-catting machine, 929. 



Carpet-boating machine^ 929. 
Carpets, india-rubber, 2013. 
Carre's ice-making machine, 1998. 
Garrett and Oo.'s stesm-pump^ 1939. 
Carriage planing marhlni% 3096. 
Carrier, 929. 
Carr's disintegrating flour-mill, 2488. 

mineral disintegrator, 2545. 

Carrying and tipping coal. Bigg's i^paratun 

1857. 
Cartridge, 929. 
Cartridges. 1495. 
Cartwrighf s cordelier, 2826. 
Carvere' and print-cuttera' tools, 1825. 
Carving machinery, 929. 
Ctoo hardening, 929. 
Oasemate, 929, 1533. 
Cask machineiy, 929, 2917. 
Cask-making machine, Hadfleld's, 2917. 
Caslon and Fagg's type-founding machine, 1565 
' Cast iron, 2041. 

refining, 2071. 

— refining, theory of, 2074. 

steel, 2934. 

Casting and founding, 929, 1636. 

beUs, 1549. 

—— brass guns, 1549. 
cannon, 1656. 

— metals. Jobeon's moulds for, 1540. . 
Castraise pump. 1944. 

Oatadioptric light, 2266. 

CaUpult, 929. 

CathetcMneter, 930, 2378. 

Cement, 931, 2279. 

for stone and brick work, 939. 

— — Goreham's kiln for burning, 2178. 

— • hydraulic, natural and artificial, 936. 

india-rubber. 2010. 

Portland, 931. 

. Roman, 933. 

I Cementation steel, 2921. 

Cements for cast iron, 939. 

limes and mortals, 931, 2279. 

Centre-bit, 939. 

Centre of gravity, 939, 1122. 

-^ of gyration, 103. 

of oscillation, 2562. 

of pressure, 1120. 

Centrifugal force, 99. 

pump, 939, 1948, 2679. 

— pomps, Ooignard and Co.'s, 1961. 

— eflksienciy of, 2680. 

Gwynne and Go.'b, 1949, 1968. 

— — Neut and Dumont's, 1948. 

— proportions of parts, 2679. 

Oentrolinoad, 2444. 

Chaff-cutter, 229, 939. 
Chain belting, 336. 

cables and hawsers, 892. 

strength of, 891, 2387. 

Fielden's cast link, 336. 

pump, 940, 1937, 2680. 

pumiM, Murray's, 2680. 

Chains, surveying, 2954. 

Chairs, Blakiston's trough-shaped, 2593. 

Fowler's joint, 2591. 

keys and fostenings for permanent waj 

2589. 

Ransomes and May's cast-inm, 2690. 

Champsaur's autodynamic elevator, 1938. 

GhatiUonals press, the, 16. 

Cliattaway's central buffing and drawing «ppk 

ratus,88l. 
Check-valve, 940. 
Cheese press, 940. 
— — vat, 940. 

Chelsea suspension bridge, 764, 863: 
Qiemical nomenclature, 196. 
Chevaux de frise, 941, 1633. 
Chimney, 941. 

Chimneys, calculation of diametflr, 964. 
— « construction of, 967. 

draught* 956. 

effects produced bj meeting of correnti 

950. 
— — liactorT, 967. 

dimensions of, 953. * 

_ general oonsklentioaB on, 948. 

flow of air in, 948. 

influence of cooling of the outer mirfiMe nno 

the draught. 964. 

lateral preastire in, 960. 

loss of heat oocaatoned by, 961. 

registers, 960. 

sections ot, for dtfRsrent Unds of ftieL 953. 

Chisel, 961. 

9h 
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CfatoelB and eougas, 1819. 

ChlorldlKiiv sUvvr ore, Brttckoer's process, 1803. 

Chocolate maditne, 961. 

Cboke-damp, 10. 

Chromogniiih, 061. 

Ghock, 061. 

CSharo,061. 

CUler-mill, 961. 

•^— preaa, 16. 

CirclM, primitlTV, or pitch, 1627. 

Ctrcalar flaw, 961. 

drcamfereoter, 961, 2673. 

Clack-valve, 961. 

Clamp, 961. 

ofMcka.661. 

Clark's hydraaUo-liil dock, 1265. 

Qaoathal ftamace, 1601. 

Clay's machlDsry for heavy forging, 1630. 

Cleatt 961. 

Clifton suspension bridge. 760. 

Clinometer, De Lisle's, 2772. 

CUp4ram,961. 

Cllasold's chain belting, 335. 

Cloth-working machinery, 961. 

Clob-hoases, veotUatlon and warming of, 3038. 

Cliilch,962. 

Ooal-cuttlng machine, 962. 

— Donisthorpe's, 965. 

Frlth'a,962. 

— hydraulic, 968. 

Goal, heat developed by, 438, 446. 
— mining, 971. 

Bigg's apparatus, carrying and tipping, 

1857. 
— — shipping and keels, 2170. 
-— > washing machine, 979. 
Coast defence, 983. 

defences, classiflcatlon of, 988. 

English, estimated cost of, 9^9. 

— general principles of, 985. 

history, 984. 

-< notes on batteries, 997. 

reconnaissance of sea frontier, 984. 

CoefBdents of cmahing strength, 2383. 
.— of spedflc heat, 393, 394. 

of tearing strength, 23s7. 

Coffee-hnlling machine, 1004. 

mUl, 1004. 

Coffer-dam, 1005, 1021. 

Cog-wheels, 1005. 

Cohesion, lOOS, 2377. 

Coignef 8 agglomerated concrete, 937. 

Coil, 1005. 

Coke oven, 2553. 

Appolt's, 2556. 

Breckon and Dixon's, 2551. 

Lord Dundonald's, 2653. 

the Knab or Pemolct, 2557. 

Coking oven, 1005. 

Collar, 1005. 

CoUom's ore-waahing machine, 2546. 

Combing machine, 1005. 

Common bond, 481. 

water-wheels, 1912. 

Compass, 1005. 

bow, 584. 

mining, Hedley's, 1015. 

prismatic, 2976. 

— — reconnoitring, 1007. 

ship's. Alblni's, 1010. 

Compasses, 1005. 

and calipers, 1830. 

beam, 1006. 

^>— proportlon&l, 2444. 
Oompoond engine, 2902. 
Compressed-air pomps, Laburtho's, 1946. 
Compressive strength of materials, 2382. 
Concrete, 1016, 1017, 2284. 

Colgnet's agglomerated, 937, 939. 

Concretes, lime, 2284. 

mixing, 2287. 

Portland cement, 2286. 

Roman cement, 2285. 

Condensatiun of steam, 421. 
Condenser, 1016, 1170, 1176, 2853, 2898. 
Conduits and feeders, 3062. 

water-works, 3062. 

Oonlcal-plate planing machine, 1794. 
Construction, 1016. 
Continuous beams, 2395. 

brakes, 586. 

Contractors' pumps, 2690. 
Cooler, 1055. 
Coopers' tools, 1814. 
Coping, 1082. 
Copper, 1059. 



Copper, aUoys of. 1060. 

and brass, tinning of, 1558. 

braxing, 629. 

chemical properties ot 1071. 

manufacture ot 1061. 

ore, crushing, 2536. 

dressing. 2sai. 

Jigging, 25S6. 

ores of, 1059. 

smelting of, 1061, 1076. 

uses of, 1061. 

Coppersmiths* and tinsmith^ tools, 1809. 
Cop-nphiner, 1082. 
Corbd, 585. 

^eoe. 479. 

Cordelier, Cartwrighf s. 2826. 
Cork-cnttlng machine, 1082. 
Corliss engine, 1403. 
Com-crusnerB, 229. 

mill. 1085. 

portable, 288. 

Cornice, 1085. 

Cornish engine, 1085, 2913. 

pump, 2681. 

Corrosion, 1085. 

of steam-boHers, 1085. 

Corrugated iron, 2410. 
Cotter, 1093. 

Cotton-gin, 1093, 1114, 1668. 
^— maiidiinery, 1093. 

Ark Wright's, 1096. 

carding, 1099, 1115. 

— — drawing, 1103. 

— ^ Hargreaves*. 1094. 

— opening, 1097. 

scutching, 1097. 

— - slubblng and roving, 1106. 

— q>inninje^ 1107. 

— press, 1117. 
Counter, 1117. 

— balance, 1117. 

fort, 1117, 1533, 2746. 

mine, 1117, 1533. 

Counterscarp, 1533. 

Counters for public carriages, 2. 

Countersunk, 1117. 

Coupling, 1117. 

Courses, arrangement in masonry, 2376. 

thickness in masonry, 2376. 

Cousinet. 1117. 

Covered way, 1117, 1633. 

Cow-milldng machine, 16. 

Crab, 1117. 

Cradle, 1117. 

Cramp. 1117. 

Crane, 1117, 1965, 2231, 2921. 

Cranes, hydrauUc, 1965. 

Crank, 1117. 

Cremailldre, 1533. 

Creosotlng, 2205. 

Crest, 1533. 

Cross cutting, sawing machine for, 3091. 

bead, 1117. 

Crossing, Ransomes and Biddell's main line, 

2606. 
Crossings, points, and switches, 2600, 2604, 2866. 
Cronsley's annealing kiln, 2188. 
Cross-section of line, railway, 2712. 

sections, vertical, ship'^ 387. 

Crowbar, 1117. 
Crown wheel, 1117. 
Crucibles, 1118, 1549. 

apparatus for making, 1549. 

Cnuihing and amalgamating machine, 51, 1118. 

copper ores, 2536. 

mill for lead ores, 2539. 

strength of materials, ooelBdents of, 2383. 

Cultivation by steam power, 20. 
Culverts. 1119, 2710, 2724, 3064. 

water-works, 3064. 

Cupola furnaces, 2061. 

Cupolas and domes, 2792. 

Current, shock of, retaining walls, 2738. 

Curriers' und tanners' hand-tools, 1826. 

Curves and gradients, 2701. 

for teeth of wheels, 1621. 

resist ince of, 2706. 

Curvilinear slotting machine, 2335. 
Cushoon, 1117. 

Cutting-tools, annealing steel for, 202. 
Cuttings nnd embankments, railway, 1383, 2711. 

drainage of, 2714. 

Cyclograph, 2444. 
C5^cloid, 1621. 
Q>'linderH of pumps, 2671. 
Cylindrical gearing, 1631. 



DaLULSISH'S battery, 539, 540. 

Dam, 250L 1119, 2743. 

— on the river Foreos, 1132. 

sand in Holland, 1136. 

Damming. 1119. 

Damp coarse, 102S. 

Damper. 1161. 

Dams and weirs, retaining waXia, ST43. 

comparison of stone, 1139. 

formohB for sectioa ol^ 1146. 

Dsniell'ta battery, 269, 539. 

Daroy's hydraulic gauge, 1906^ 

Dash-pot, 1161. 

Datam line, 113, 1161. 

Davidson's bottling madhine, 583. 

Davis* brake, 594. 

Dead centre, 1161. 

Deas and Rapier's switch-box. 3603. 

De Bergue's cast-iron sleepen, 2588. 

Deblai,1534. 

Deflection, experiments on, 338. 

of beams, 2397. 

Demi-bastion, 1534. 

lone, 1534. 

Dentists' and goldsmiths' rolls, 18ia 

Derrick, 1161, 3343. 

Details of engines, 1161. 

Devil, 1301. 

Diagonal bond. 481. 

Diagram, grqihic, 1703. 

Dial, 1301. 

float. 1911. 

Hedley's mlnli« 1016. 

Dies, 1301, 1833. 

and stocks, 1833. 

Digester, 1303. . 
DiUulng tin ores, 3534. 
Dimensions, abstracting; 5. 
— i of existing sUHie bridges, 699. 
Disc piles, 3643. 
DlsfaitegraUng flonr-mill, 3488. 
Dblnt^rator, Garr's mineral, 3S46. 
Displacement, 1303. 
Distances, 1310. 

instromenta for determiidng. 1310. 

Distemper, 1063. 
Distilling apparatos, 1314. 

sea-w&ter, 1319. 

spirits, 1317. 

Distributing reserroirs, 3070. 
Diver, conbtitutional fitness o^ 1236. 
Dividing machine. 1336, 1803. 
Diving, 1326. 

apparatus, 1226. 

bell, 1231. 

Dock, 1234. 

gates, dry-dock gates. 3293. 

inner gates, 2393. 

iron gides at Boulogne, 3398. 

materials employed, 2393. 

mixed gates at Fecamp, 3398* 

— - opening and dosing, 2293. 

outer or deep-water-boshi gstai^ SV 

— — scouring gates, 3293. 

— — sea gates, 2293. 

wooden, 2294, 2296, 3302, 3303. 

wrought iron, 3306. 

graving, 1704. 

Docks, construction withont cdSer-dams, 1610 

Clark's hydraulic lift, 1265. 

— ~ floating. Ounpbeil and Go.'s, 1264. 

Rennle's, 1263. 

prindpal dimensions of, 1268. 

pumps for emptying. 2690. 

retcdnlng walb, 2743. 

Tyne, at South Shieldb, 1354. 

Victoria, 1234. 

Dog 1272. 

DoUy, or dolly-tub. 1373. 

Dome. 1272. 

Domes and cupolas, 2792. 

Donisthorpe's coal-cntting machine, 965. 

Donkey-engine, 1272. 

Doors, 1044. 

Double-action water-pfrcflBare engine, 1978. 

Double-trunk screw engines, 2843. 

Dovetail, 1272. 

IX>vetailing machinery. 3110. 

Dowel-pin, 1372. 

riowlais Iron Works blowing cngiae, 371 

Drsg-bar, 1272. 

Drainage, 1272. 2147, 2689, 2714. 3715, 1781. 

areas, 3061. 

— and water supply, 3061. 

— — of cuttinga, 3714. 
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Drainage, embankments, 2715. 

mines, 1273. 

pumps for, 2681. 

roada, 2780. 

surface, 2689. 

Draw-bar, 1272. 

Drawbridge, 1284. 

Drawing and cutting-off piles, 2623. 

frame, 1291. 

knivfs, 1821. 

Dredging, 1291, 2756. 

machine, 1291, 1293. 

I>reiising machines for flour, 2509. 
Drill, 1299. 

bow, 584. 

Drilling and boring machines, 2325. 

machine, band, 1836. 

multiple, 2344. 

Drum, 1301. 

Imims, various modes of driving, 312. 

Dry-rot, 1301. 

prevention of, 2206. 

I>rying bricks, 659. 
iHict- wheels, 1301.. 
l>undonald's coke-ovens, 2563. 
Durozoi's hydraulic propeller, 1938. 
1>U8ter, 1301. 

Dwelling-houses, ventilation and wanning of, 
3037. 

ventilation of; 3044. 

Dyke, 1301. 2767. 
Dynamite, 682. 1301. 
Dynamometer, 130i. 

brake, 616, 627. 

car, 1306. 
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lARLE'S steara-pnmp, 1940. 
Karth prpssare, 2736. 
Earthwork, 1364. 
Eccentric, 1364. 
Efflux chamber, 1364. 
Ekman's reheating furnace, 2121. 
Elasticity, moduli of, 2381. 

of bodies. 2377. 

Electric telegraph, 1367. 
Electro-chronoscope, Anstmther's, 1771. 

magnet, 1367. 

metallurgy, 1367. 

Electrometer, 1383. 
Electrotype, 1383. 
Electrotyping, 1382. 
Elevator, 1383, 2221. 

autodynamic, 1938. 

Elevators, hoists, and lifts, 2221. 

Ellpsograph, 2427. 

Ellipsis, methods of drawing, 687. 

Elliptical arches, 684. 

Embankment, 1383, 2711, 2768. 

Embankments and cattings, raUway, 1383, 2711. 

Embo(«ing, 1403. 

Embrasure, 1534. 

Embroidering machine, 1403. 

Emeruon's dynamometer-brake, 627. 

Emery, 1403. 

Enceinte, 1534. 

Endless chain pile-driver, 2636. 

screw and pinion, 1637. 

Engine, agricultural, 32. 

air-compressing, 520. 

Allen, 1408. 

American pumping. 1417, 1419. 

beam, 2910, 

Chaplin's hoisting, 1426. 

compound, 2902. 

Corliss, 1403. 

Cornish, 1085, 2913. 

double-trunk screw, 2842. 

Fletcher and Co.'s winding, 1424. 

horizontal. 2912, 2916. 

l.ee and Co.'s steam Are, 1954. 

marine, 2354. 

Mazellne's steam Are, 1955. 

Merryweather's steam fire, 1429, 1955. 

Ommanney and Co.'s horliontal pumping, 

1421. 

oscillating, 1423. 

portable, 11, 32. 

— return-acting trunk screw, 2843. 

return connecting-rod screw, 2846. 

screw, 2841. 

Shand and Mason's steam fire, 1431. 

single piston-rod screw, 2846. 

Ktitionary, 2898. 

steam-launch screw, 2855. 

the Allen, 1408. 



Engine, vertical, 2913. 

water-pressure, 1973, 1976. 1978. 

Wilson^ direct-acting. 1416. 

Engines, varieties of, 1403. 
English brick-damp, 661. 

brick-kiln, 660. 

Engravers' tools, 1816. 
lintanglement, 5. 
Envelope, or envelop, 1634. 

machine, 1435. 

Epaulement, 1534. 
Epicyclic train. 2451. 
Epicycloki, 1622. 

gearing. 1630, 1632. 

wheel, 1438. 

Equilibrium offerees, 665. 

Escapement, 1438. 

Escape-valve, 1446. 

Esplanade, 1534. 

Enter's turbine, 1924. 

Evaporating apparatos for sugar, 1445. 

power of fuel, 401. 

Rvaporator pan, 1445. 
Evart's dovetailing machine, 3114. 
Excavation, 1447. 
Exhaust-pipe, 1447. 
Expansion-gear, 1447. 

joint, 1447. 

of Falls. 2593, 2726. 

— work developed by, 424. 

Explosions, 1447. 

Explosive compounds for blasting, 581, 

1721. 1770. 1783. 
EyeleiUng machine, 1447. 
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AIRLIK locnmotiTe, 2321. 
Falling bodies, 5, 7. 
Fan, 1447. 

blast machines, 376. 

Guibal's ventilaUng. 1U7. 

Farcot's steam-pump^ 1941. 
Fascines, 1017. 
Fastener, belt, 312. 
Faults, 1463. 

Feeders and conduits, 3062. 
Feed-pipe, 1463. 

connection for locomotive engines, 

1463. 

pump, 1464. 

water, purification of, 2003. 

Fencing for roads, 2786. 
^— railway, 2725. 
Field boiler, 472. 
Fielden's cast link-chain, 336. 
FUbow, or fllbo, 1464. 
FUe, 1466, 1817. 

cutting machine, 1466. 

Files and rasps, 1817. 
FUter, 1469. 

beds, cleansing of. 3073. 

preparation of the bottom, 3073, 

Filtering f^ertes, Tonloose water-works, 3074. 
FUten. 3074, 
Filtration, 3071. 
Fire-arms, 1469. 

American, experiments and reports, 

1469. 

box, 1495. 

bridige, 1496. 

day, 1495. 

— — retorts, 1654. 

engine, 1496, 1964. 

— escape, 1497. 

— - flre-claji sod flre-brldc, 1635. 

Fish-plates. 2590. 

Flange, 1497. 

Flanging machine^ 2341, 

Flank, 1534. 

Flax machinery, 1497. 

Fltefae, 1534. 

Flemish bond, 479. 

Float water-wheels, 1611. 

Floating dock. Campbell and Co.'b, 1264. 

Kennie's, 1262. 

gate, 264, 

Flood-gate, 255. 
Flooring; 1524. 
Floors, 1039. 

asphalts, 1043. 

coverings Ibr, 1041. 

flre-proof; 1041. 

— • fhuned, 1040. 

Maltese, 104X 

Moreland's. 1624. 

single, 1039. 



Flour, bolting and dressing madiines, 2509. 

mill, 2500. 

Buchhoix prooesik 2492. 

Carr's disintegraang, 3483. 

floating steam, 2499. 

portable. 228. 

Flue, 1525. 

Fluid pressure. 1888, 2731. 

-^ vein, 1889. 

Flume. 1525. 

My-wheel, 1525. 

Flying levels, 2698. 

Folding and mowuring machine, 1626, 2416. 

Force, 1525. 

ceotriftgal, 99. 

Forces, equilibrium of, 665. 
Forge, 1525. 

German, 2069. 

portable, 1530. 

Forging bolts, 1527. 

keys, 1525. 

machinery Ibr, 1530. 

— nuts, 1528. 

Formnlsa for stone bridges, 683. 

tables of, for girders, 665. 

Fortificatton, 1533. 
FonndaUons, 1016, 1535. 

concrete, 1017. 

coffer-dams, 1021. 

— — fascines, 1017. 

— — ' hollow cylinders, 1019. 

in water, 1020, 1021. 

— loose stones. 1020. 

— — regular maaooiy, 1021. 

piling, 1018. 

Fonndhig and casting, 929, 1536. 
Foundry. 1569. 

hoists, 2249. 

Fowler's pki-making machine^ 2646. 
Fractions of safety, 2406. 
Fret sawing machine, 3093. 
(Yick's metal, 1569. 
Friction, 1331, 1349, 1569 

brake, Prony's, 616. 

during a shock, 1678. 

in grease-box, 1331 

locomotives, 1331, 1349. 

oil-box, 1331. 

trains, 1331. 

Influence of unguents, 1678. 

Influence of vibrations, 1578. 

of brass upon oak, 1574. 

cast iron on cast iron, 1675, 1580. 

elm upon oak, 1573, 

Journals, 1331, 1581, 1586. 

leather upon cast iron, 1574. 

limestone upon llmestooo, 1673, 1677. 

oak upon oak, 1572, 1676. 

plane surfiuxs, 1583. 

Frictfonal gearing, 1592. 
Frith's coal-cutting tn«rf^tnf>, 962. 
I'>ont, fortification, 1634. 
Fuel, 399, 1592. 

— analysis of, 1695. 

evaporating power of, 401. 

heat supplied by, 399. 

, Increase of temperatare by expenditure d 

401. 
Fuller's earth, 1697. 
Funicular polygon, 669. 
Funnel. 1597. 
Furnace, 338, 1597, 2046, 2061, 2116. 

Clausthal, 1601. 

Ekman's reheating, 2121. 

reverbeiatoiy, 1697. 

Stetefeldt, 1604. 

Thomas's smeltini^ 1602. 

Fomaoes or roast ovens, 1697. 

blast, 338. 2046. 

cupola, 2061. 

heating and balling, 2116. 

Fasibility of alloys, 47, 49. 
Fudon heat, 397. 
Fuze, 1607. 

making madilne, BldEfcnd's» 1607. 

Fnzee, 1610. 
Fuses, 676. 



a 



_ ABTON, 1634, 1610. 
Oad. 1610. 
Galena, 2209. 
Gallery, 1534, 
Galvanic battery, 266. 

for militsjy purposes, 634. 

cnrrcnts, power ol; 641, 644. 
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Indicator, 2015. 

• dlAi^^uns, 2020. 

Inertia, 2024. 
Ingram's brake, 60d. 
liVJector, 2025. 

GiflFard's, 2025. 

self-adjusting, 2026. * 

Inner gearing, 1633. 
Insulator, 2028. 
Insulators, 2990. 
Involute curve, 1628. 

— gearing, 1632. 
Iron, 2028. 

alloys of, 2038. 

beams, strength of rolled, 2406. 

blast furnaces for, 338, 2046. 

—— boiling and puddling pl^^ 2077. 

bridge at Solferino, 739. 

building, different sjrstems, 766. 

bridges, 680, 739, 748, 766. 

cast, 2041, 

charcoal finery, or Lancashire hearth, 

2074. 

— Franche-Goint6 process, 2076. 

-^ refining, 2071. 

theory of refining, 2074. 

— Walloon process, 2076. 
chemical knowledge of, 2029. 

— corrugated, 2410. 

cupola furnaces for, 2061. 

deposited galvanically, 2033. 

Ekman's reheating ftimace, 2121. 

ferric or maximum compounds of, 2031. 

ferrous compounds, 2029. 

fluxes for, 2045. 

galvanized, 1610. 

hammers and squeesers, 2099. 

— — beating or balliog furnace, 2116. 
hot blast, 2054. 

— machine puddling, 2091. 

manufacture, 2041. 

ores, 2033. 

— — puddling rolls, 2103. 

reversing rolling-mills, 2109. 

roasting, 2042. 

— roofs. 1036, 2795, 2800. 
ship-building, 2123. 

— ^ angle-iron frames, 2133. 

beams, 2134, 2137. 

bulkheads, 2136. 

floor-plates. 2134. 

framing of hatches, 2137. 

keels, 2131. 

keelsons, 2136. 

outside plating, 2137. 

— rudder-bands, 2133. 

rudder- firames, 2132. 

rudder-stops, 2133. 

— — sheerstmkes, 2137. 

stems, 2132. 

stem-post and stem-rails, 2132. 

—> stringers, 2135. 

wash-plates, 2135. 

universal rolling-miU, 2108. 

wrought, 2066. 

Irregular shaping machine, wood, 3109. 
Irri^tlon, 2139. 

canals of permanent supply, 2140. 

— -^ drainage works, aqueducts. Inlets, and 
BU[>er-pasiiage8, 2147. 

UllSt rapids, and locks, 2143. 

headworks, dams, and regulaton^ 2145. 

measurement of supply, 2151. 

Isomorphism, 2166. 



O ACK, 2159. 

screw, 1835, 2160. 

Tangye's hydraulic, 2169. 

Jacket, steam, 1195, 2160. 

Jenny, 2160. 

Jetty. 2160. 

Jewellers' mill, 1810. 

Jigging copper ores. 2536. 

Jobson's moulds for casting metals, 1540. 

Joggle, 2160. \ 

Joint, abutting. 5, 2763. 

— — ball-and-socket, 217. 

breaking. 479, 640. 

expansion, 1447. 

lap. 2763. 

Joints, 2160. 

in metal, 2160, 2170. 

^— In wood, 2160. 

riveted. 2170, 2763. 



Joists, bay of, 292. 

Undlng, 337. 

boarding. 380. 

Jonval's turbine, 1929. 
Journal, 2170. 

box, 2170. 

Journals, faction of, 1331, 1581, 1686. 
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Joisls, 2170. 



EARNEY'S hydrant, 1996. 
Keels and coal lapping, 2170. 
Key, 2178. 
Keys, compressed oak for permanent way, 2589. 

forging, 1625. 

iron taper, 2590. 

Kiln, 2178. 

Batchdar's, 2187. 

— — Crossley's annealing, 2188. 

for burning cemoit, Qoreham's, 2178. 

for drying grain, 2193. 

Hoifinan^l, 2180. 

malt, 2189. 

MuUer's, 2186. 

King-post, 2194. 

Kirkless Hall blowing engine, 375. 

Kirk's ice-making machine. 1999. 

Kitchens, ventilation of, 3043. 

Knab or Pemolet cokeH>ven, 2557. 

Knife-edge, 2194. 

Knifing madiine, 1835. 

Knitting machine, 2194. 

Knives, drawing. 1821. 

Krauss and Go.ib represrtoo brake, 614. 

Kraisverband bond, 480. 

Kyanlzing, 2205. 



ABnBTHE*S compressed-air pumps, 1946. 
La^[ing8, 479. 
Lamp, saf^, 2207. 
Lamps, lighthouse, 2275. 
LandseeTs steam-brake, 613. 
Lanterns, construction of Ughthouse, 2269. 
Lap, 2209. 

Joint, 2763. 

Intent heat, 397. 

— of steam, 398. 

Lath and plaster, 1049. 

Lathe, 2209, 2322. 

—^ automatic wood-taming, 8115. 

axle, 2342. 

Lathes, hand and foot, 1796. 

Lattice girder, 797, 828, 2209. 

Laimder, 2209. 

Lead. 2209. 

— - action of, on anfanal system, 2221. 

aUoys of. 2214. 

— ~- commnations with diatomic metalloids, 221 1 . 

distinctive characters, salts ol^ 2214. 

haloid compounds, 2210. 

— i^ manufacture, 2216. 

ore dressing, 2637. 

— dressing, bnddle, 2539. 

— -^ — drening, crushing mill, 2539. 

dressing, hotching tub, 2538, 2541. 

smoke, 2221. 

— — theorv of smelting, 2218. 

Leblanc's hydraulic ram, 1973. 

Lee and Go.^s steam flre-enghw, 1954. 

Lee's brake, 594. 

Leffel's double turbine, 3020. 

Lemielle's ventilator, 1449. 

Lens, achromatic, 8. 

Letestu's pump^ 1943. 

Level. Burel's reflectii^ lOOf . 

Levellhig, 2221, 2966. 

and surveying, 2953. 

— boning, 2971. 

— - chaining base lines, 3954. 

— — contours and hill shading, 2971. 

correction for eorvatnre, 2969. 

correction for refhu:tion, 2970. 

enlaralng and redndng plans, 2966. 

fiekl-book. 2960. 

laying off perpendlcnian, 2954. 

measurement of hills, 2959. 

obstracUons In base lines, 2955. 

plan drawing, 2964. 

plannhig a survey, 2953. 

plotting. 2964. 

plotting section, 2973. 

redU4^on of levels, 296& 
•— .- surveying chains, 2954. 

traverse surveyli^ 2962. 

instruments, 2980. 
diaphragms, 2982. 
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Lift, Davis* hydranUo, 1963. 

Lifting turbine, Uirard's, 195X 

lifts, hoists, and elevatcn^ 2221. 

Light, catadloptric2265. 

Lighthouse, clockwork apparatus, 2277. 

construction of lanterns, 2269. 

lamps, 2275. 

Maplin Sand, 2263. 

Wolf, 2255. 

Lights, buoys, and beaooni, 2366. 
Lime burning, 2280. 

concretes, 2284. 

slaking and forming mortar, 2283. 

Limes, mortar^ and conents, 2279. 
Linseed crushen, 229. 
Liquid-manure distributor, 13. 
Lock-chamber, 2308. 

gates, iron. 2298. 

materials employed. 2293. 

mixed or composite, 2298. 

opening and dosing, 2293. 

wooden, 2294. 2302. 

wrotight-iron, 2306. 

Locks and lock-gates, 3292. 

canal, 2307. 

Locomotive, 2308. 

boiler, 389. 

— — eight coupled wheels, 2315. 
four coupled wheels^ 2315. 

— four-<7linder, 2319. 

firame slotting machine^ 2341. 

— names of parts, 2308. 

six oonpled wheels, 2318. 

tender, names of parts, 3319. 

the Fairlle, 2321. 

— — with uncoupled wheels, 3319. 
Locomotives, feed-pipe connection for, 1463. 

adhesion of. 1341. 

consumption of water, 1346. 

— ^ dimensions ol^ 1361. 
— -^ effective work of, 1350. 

formulas for power of, 1344. 

— — tank, for shup curves, 1431. 

value of work oi; 1341. 

Long's bridge truss, 67X 

Loom. 2160, 2321. 

Low's rock-boring machinery, 615. 

Lubricating oils for machinery, 2010. 

Lug, 2322. 

Lumber saw*mill8^ 3091. 

Lunette^ 1634. 
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ACADAM, or metalUng for roads, 2783. 
Maodonnel's wrought-iron tatepen, 3589. 
Machine, 2322. 

belts, 2014. 

tools, axle-lathe, 2343. 

bolt-threadUing machine. 3S43. 

compound planing machine, 3346. 

curvilinear slotting machine^ 2336. 

drilling and bortaig marhlnps, 2326. 

flanging machine, 2341. 

hydraulic, 2346. 

hydrostatic whed preset 3348. 

Uthes,2322. 

locomotive - frame dotthig msditaM 
2341. 

marhine/or boring axle-hearing^ 3346 

milling msdiines, 3340. 

multiple drilling maddnea» 2344. 

planing machines, 3339. 

screwing machins, 3338. 

.—~ shapii^ machines, 3333. 

— wheel-boring machine, 2344. 

— — — — wheel-cutting machine, 2337. 

— — - wheel-quartering machine, 2343. 

Magistral, 1534. 

Magnetism, 574. 

Magnets, permanent, for ezploeion of mines, 573 

Main-deck line, ship-bnikUng; 384. 

Malt-kiln, 2189. 

Mandrel, 2352. 

Manganese, 235X 

ores of, 2354. 

Manometer, 1191. 
—— condensed-air, 414. 
Mansard root 3354. 
Mansions, ventilation of, 3042. 
Maplin Sand Ughthouse, 2262. 
Marine boilor, 389. 

engine, 2355. 

— boilers, 389, 461, 3863. 

— • condensers. 2863. 

Marinoni and Cbaudr6's lithographic press, 266( 
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Permanent way, 2503. 

Adums' brocket fkstening, 2592. 

bearing sur&cc of sleepers, 2587. 

cast-iron bleepers, 2587. 
chairs, keys, and (hstenings, 2589. 

compressed oak keys, 25(59. 

continental, 2609. 

crossings, 2605, 2606. 

' details of, 2610. 

- English. 2608. 

- fish-plates, 2590. 

- Urittin's system, 2612. 
in the United States, 2607. 
joint-chairs. Fowler's, 2591. 
Joint for bridge rails, 2592. 
Irish, 2609. 
iron taper keys, 2590. 
Larmenjat 8ye>tem, 2611. 
Liying, 2725. 
light railways, 2612. 
Metrupolitan District, 2609. 
North Ix>ndon, 2608. 
original type, 25H4. 

points, sell-locking, 2604, 2866. 

rails, 2593. 

rails, Adams' girder, 2594. 

rails, Adams' sospendod girder, 2596. 

rails. Barlow's, 2593. 

rails, Bessemer steel, 2598. 

rails. Booth's steel-headed, 2598. 

rails, bridge-shaped, 2594. 

rails, earliest form of, 2593. 

rails, empluyed in different cotmtries, 

2597. 

rails, expansion of, 2593, 2726. 

rails, Sandberg's, 2596, 2597. 

rails, steel. 2597. 

rails, testing, 2597. 

rails with riveted Joints, 2693. 

rigid, 2585. 

Semmering Railway, 2609. 

sleepers, 2685. 

—— . switches, points, and cnMstngSk 2600, 

2603. 

wrought-iron sleepers, 2589. 

Pemolet or Knab coke-oven, 2557. 

Perreaux's pump, 1945, 2689. 

Persian wheel, 2616. 

Pet cock, 2616. 

Pfctsh's water-pressure engine, 1978. 

Pick, 2616. 

Picker, 2616. 

Piers, 697, 2616. 

Pile-driver, 2616. 

IMIc-driving machines, 2629. 

Appleby Bi others', 2635. 

NasmyUi's steam, 2631. 

Sisson and White's steam, 2629. 

endless chain, 2636. 

^— teieacopic, 2639. 

Hies and pile-driving, 2616. 

bearing and sheet, 2617. 

calculation of supporUni; power, 2626. 

cast-iron, 2624. 

disc. 2642. 

drawing and cutting off, 3623. 

duration of iron, 2625. 

excavating for, 2617. 

force expended in driving, 3628. 

heading and shoeing. 2618. 

rams or monkeys for drivtog, 2619. 

screw, 2641. 

supporting power of, 2625. 

timber, 2617. 

driving, 2621. 

with cast-iron screw-pointa, 3618. 

Towlc's apparatus for driving sheet, 2622. 

Piling, 1018. 

]*i liars, classification of^ 2384. 

Pillow, 2644. 



block, 2644. 



Pincers, pliers, and nippers, 1829. 
Pinion. 2644. 

Pin-making machine, 2646. 
Pipe, exhaust, 1173. 

feed, 1463. 

Pipes, 2650. 

cast-iron, 2650. 

calculation of weight, 3661. 

diameter of mains and servioe pipes, 2653. 

for pumps, 2674. 

friction in, 2652. 

iron, proportions of Johits, 2664. 

Uiying, 2657. 

lead, 2655. 

coated with tin, 3666. 
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Pipes, leakage at Joints, water, 2664. 

atone-ware and flre-day, 2666. 

water-works, 3066, 

wrought-iron, 2665. 

Piston, 2657. 

rod, 2657. 

rods of pompa, 26Y4. 

Pistons of pumpe, 2674. 

packing for, ll8l. 

Pitch circles, 1627. 

lines. 1627. 

of roolfe, 2787. 

of wheels azKl screws, 2667. 

Pitching and metalUng, railway, 2725. 

stone, 2377, 2782. 

Plan, body, ship-building, 380. 

half breadth, ship-building, 

— — sheer, ahlp-bullding, 380. 

Plane, improved Joiners', 1806. 

Planes. 1820. 

Plonimeter, 2657. 

Planing machine, 2329, 2669. 

compound for connecting rods, 2346. 

and matching machine, 3096. 

machinery, wood, 3096. 

Plaster, lath and, 1049. 

point on, 1053. 

Plate gloss, monafoctnre of, 1669. 

wheel, 2659. 

Putin, 2669. 

Platinum, 2669. 

Plott ond Oo.'s brick-making machinery, 647. 

Pllera, pincers, ond nippers, 1829. 

Plumbers' tools, 1824. 

Points, self-locking, 2604, 2866. 

switches and croaslngB, 2600. 

Polygon, funiculor, 669. 
Poncelet's water-wheel, 2660. 
Poppet, 2692. 
Portoble engines, 11, 33. 

forge, 1630. 

hydraulic prese, 1994. 

railway, 12. 

Portlond cement, 931. 

— concrete, 2286. 

Postern, 1534. 

Preservotion of timber, 2206. 
Press, Gimson's eccentric, 497. 

hydraulic, portable, 1994. 

hydrostatic or.Bramah, 1983. 

printhtg, 2660. 

Pressure, centre of, 1 120. 

earth, retoining wolls, 3736. 

fluid, retaining wolls. 1888, 2734. 

gouge, recording, 2727. 

— gauges and barometer^ 3451. 

moment of, retoining walls, 2738. 

Prevention of dry-rot, 2206. 
Priming of boilers, 448. 
Primitive circles, 1627. 
Principle of sufBdent reoaon, 666. 

equality of moments, 667. 

Print-cutters' and carvers' tools, 1826. 
Printing machine, bank-note, 218. 

press, Gorwood's improved Gordon, 3666. 

Gordon, 2661. 

Morinoni ond Chondre's lithographic, 

2666. 
Morlnoni's. 3668. 
Walter; 2660. 
Prismatic amipaas, 2976. 
Prisons, ventilation and worming of, 3046. 

ventilotion of, 3044. 

ProtlecUles, penetrotion of, 998. 

tnOectory and velocity of, 1722. 

Prony's friction dynomometer-broke^ 616. 
Propeller, Durosoi's hydroollc, 1938. 
Pruportionol oompaasea, 2444. 
Protractor, 2982. 
Prodhomme'a pump, 1945. 
Puddling, 2077, 3670. 

ftoiooe, Siemens' goi^ 2087. 

Fogging, 651. 
Pulley, 2670. 
Pnmphig engine, American, 1417. 

Ommonney and Oo-'s boriaontal, 1421. 

Pumpa. 1464, 1796, 1937, 2447, 3670. 

oir, 3691. 

Bomett ond Foster's, 2691. 

air-chambera. 2677. 

Andr6'a hydraulic, 2677, 2686. 

angle or v bobs^ 2676. 

Annandia'a bolonce-beam, 1946. 

holonce-boba. 3676. 

bilge. 1940, 2690. 

Burl's steam, 1426. 



Piimpa, Galigny'a oonlcal, without piston or valv 

1938. 

— Corrett and Oo.'s steom, 1939. 
centrifugal, 1948. 2679. 

— Culgnord ond Co.'s, 1961. 

Owynne and Co.**. 1949, 195a 

Ncut ond Dumoot's, 1948. 

chafai, 1937. 2680. 

Mnrrsy's, 2680. 

oontroctora', 2690. 

Oomiah, 2681. 

cvlinders, 2671. 

— — Korle's steam. 1940. 

efSciency of, 2670. 

Forcot's steam, 1941. 

feed, 1464, 2691. 

— for draining mines, 2681. 
emptying dodca, 2690l 

raising porlicujor liquids, 2689. 

suppljring hydraulic machinery, 2691. 

— — surlooe droinage, 2689. 

water aupply, 2689. 

Giroid's horixontol, 1942. 

lifting turbine, 1962. 

bond. 1796. 

Hoyword Tyler's oniTeraol, 2683. 

Henry and PeyroUea*, 1944, 

Loburthe's omnpreased-Alr, 1946. 

Letestu's. 1943. 

Merryweather's Indio, 1963. 

Motte'a bellowa, 1946. 

NiUna*, 1943. 

Perreoux'a, 1946, 2689. 

plpea, 2677. 

piston-rods, 2676. 

pistons. 2674. 

Prudhomme's, 1946. 

reciprocating, 2671, 2678. 

revolving piston, 1947. 

rotary, 1947. 

Scott's steam, 1939. 

ship's, 1940, 2690. 

Tongye's spedol, 2683. 

Gostrolse, 1944. 

Thirion's, 1944. 

unlimited, 1946. 

volves, 2672. 

Puppet, 2692. 

Purification of fead-woter, 2003. 

— — of water, 3071. 

Putty. 1056. 

Pyrometer, 2692. 

VJUADRANT, gonner^ 2771. 
Quarrying, 2692. 

Quay wolla, oonatruotiOQ without colfer-daiu 
1840. 



K. 



lACK, 2696. 

ond pinion, 1633. 

Roils, 2593. 2696. 

Adoms' girder, 2694. 

suspended girder, 269ft. 

Barlow's, 2693. 

Bessemer steel, 2S98. 

bridge-shoped. 2694. 

oorllest form of, 2693. 

enjoyed in different ooantrieak 2697. 

expansion of, 2693, 2726. 

Sandberg's, 2696, 2697. 

steel, 2697. 

steel-headed, Booth'a, 2698. 

testing, 2699. 

with riveted jointa, 2693. 

RoUwoy oxlea. 2402. 

car mortMng machine. 3104. 

embonkmenta and cattingib 1388. 

Railway engineering, 2696. 

< bolloating and boxing, 2726. 

borings, ond aolUng alopaa^ 2T17. 

brickwork, 2718. 

bridgea, 2710, 2719. 

cokmotion of ocreagSb 2710. 

coat of tranqport over anj gtYOi Un 
2706. 

cross-section of Una, 3713. 

culverts, 2710, 2724. 

curves and gradlenta, 2Y01. 

curves, resliteDce of, 3704. 

cuttings and embaDknMota^ 2T16w 

droinoge of cutttnga, 2T14. 

drajnay of amhanfcmiwt^ 2T16. 

embankmenfts and cnttlnnb Stll. 

estimate, 2706. 
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Mlwayeogiiieeilng, expansion of rails, 2593, 

fiendng, 3725. 

— — tiKon, 2701. 

KTMuenta and curvos, 2701. 

— Ironwork, 2718. 

_ — — laying permanent waj, 2726. 

— — masonry, 2718. 

metoUing and pitofaing, 2725. 

— ~ preUminaiy survey or reconnaissance, 

2695. 
-^ — TCOonnaisssnoe or preliminary survey, 

2695. 
-^ — — rsristonoe of curves, 2706. 

seiectton of route, 2699. 

setting out bridge-work, 2710. 

setting out culvert^ 2710. 

•— setting out side widths, 2710. 

setting out tunnels. 2710. 

—— — — soiling slopes, and borii^p, 2717. 

q)eclflcation, 2726. 

staking and setting out the line and 

works, 2706. 
-— '—~ snrvving and levelling the line, 2711. 

trld lines l^ aid of a map, 2698. 

trial Unas by compass, 2696. 

—^ trial or flying levels, 2698. 

tunnelling, 2710, 2720. 

— - portable, 12. 

— signals, 2860. 

loddog, 2866. 

UinfUl,3066. 

— table of; 8066, 3067. 
Um, BoUeTs hydraulic, 1971. 
-— LsblanoTs hydraulic, 1973. 

McQteolfler, 36. 

Umport, fortification, 1634. 
Ums^ hydraulic, 1971. 

— or monkeys for driving [dies, 2619. 
Unge-flnders, 1772. 

tailing bond, 481. 
tasps and files, 1817. 
latcbet-wheel, 2726. 
lavelln, fortification, 1634. 
leoctton, 272 6. 

— wheel, 2726. 
Lesmsr, 2727. 
leaping hooks, 1832. 

— machine, 16. 

tear's envelope machine, 1436. 
tecaprocsting mortising machine, 3102. 
— — pumps, 2671. 

calculation of etflciency, 2678. 

tecording pressure-gango, 2727. 
ledan, fortificaUon. 1534. 
iledoubt, fortification, 1634. 
Seece's ice-making machine, 2000. 
itefriKerator, 2728. 

— Morton and Co.'s, 1056. 

— Pontifez and Co.'s, 1057. 
SUrk's, 1068. 

lefHgeraton end wort-coolei», 1056. 

Regulator, water, 3077. 

Iddienbaidi's water^pressure engine, 1976. 

Semblai, fortification, 1634. 

lennie's iron floating dock, 1262. 

Sesawing, machine for, 3089. 

icservoir, 2728. 

river Furms, 1132. 

— walls, formula for the sectioi of, 1146. 
stability of, 1144. 

SeeervolriL 3058. 

distributing. 3070. 

impounding, 3068. 

— — store, 3068. 

Etesistance, causes influencing, 1331. 

air, 1335. 

condition of permanent vrej, 1336. 

curves, 1333, 1336, 2705. 

friction, 1331. 

frost, 1333. 

hiclines, 1332, 1334. 

length of train, 1333. 

— speid, 1336. 

— temperature, 1332. 

— wind, 1336. 

of curves, 1333. 1336, 2705. 

goods trains, 1324, 1354. 

— — locomotive engines to motion, 1316. 

— engines to starting, 1319. 

matfrlslB, 691, 1359. 

mixed trains, experiments, 1359. 

— p ass e n g er trains, 1326, 1360. 

— trains to starting, 132«. 

railway carriages to traction, 1306. 

— ——trains in general, 1320. 



Resistance of trains^ formulas for calculating 
1338, 1388. 

to storting, 1328. 

Retaining walls, 2728. 

buttresses, 2747. 

counterforts, 2746. 

— — — dams and wdn^ 2743. 
dock, 2743. 
earth pressure, 2736. 
fluid pressure^ 2734. 
form of profile, 2742. 
harbour, 2743. 
land-ties, 2748. 
ntoment of pressure^ 2738. 
prscUcal design and construction, 

2742. 

profile, 2742. 

profile, transformation of^ 2740. 

relieving ardies, 2747. 

revetments, 2746. 

river, 2743. 

sea, 2743. 

shoNck of current, 2738. 

stability of, 2728. 

struts, 2748. 

thickness, 2739. 

thrust of material retained, 2734. 

— transfonnation of profile, 274a 

Retarded motion, 5. 

Retorts, fire-clay, process of making, 1554. 
Return-acting trunk screw engines, 2843. 
Return connecting-rod screw engines, 2846. 
Reverberatoiy funiaoe, 1697. 
Revetment, fortification, 1534. 
Revolver, 1488. 

Albini's. 1489. 

Smith and Wesson's, 1491. 

Revolving-piston pumps, 1947. 

Rheostat, 642. 

Rifie, Albinl-Brsedlin, 1482. 

— Berdan, 1486. 
Burton, 1479. 

Burton's magasine, 1493. 

Chassepot, 1483. 

— ^ J. H. Burton's, 1486w 

Martini-Henry, 1473, 1484. 

Morgenstem, 1472. 

Peabody, 1482. 

Prussian needle, 1481. 

Remington, 1470, 1484. 

Sharp's. 1472. 

Snider, 1487. 

I^ringfleld, 1472. 

Ward-Barton, 1474, 

Westley Richards', 1484. 

Rigg's apparatus for tipping coals, 1867. 
Rivers, 2749. 

b«s, 2762. 

determination of croesHWCtlon, 2752. 

— - disdiarge, 2763. 

dredging, 2766. 

dykes, 2757. 

-^ embankments, 2758. 

improvem^it of channel, 2766. 

protection of ttanks fh)m currents, 2759. 

— • retaining walls, 2743. 

sediment in, 2766. 

sounding, 2751. 

sUbility of channel, 2754. 

tides in. 2749. 

training walls, 2761. 

velocity, 2753. 

weirs, 2760. 

Riveted Joint, butt, 5, 2763. 
lap, 2209, 2763. 

lap of Joint, 2767. 

pitch of rivets, 2765. 

strength of; 2763. 

— thickness of rivets, 2766. 

Joints, 2170, 2763. 

Riveting machine, hydraulic, 2347. 

Road-roller, Avellng and Oo.'s steam, 1434. 

RoadH, 2770. 

^— fences, 2786. 

-^— maintaining and repairing, 2788. 

permanent, 2773. 

asphalted, 2783. 

— — — cross-section, 2780. 

drainage, 2780. 

foundation, 2781. 

gradients and tractive resistance, 

2775. 
— — ——metalling or macadam, 2782. 

selection of route, 2773. 

stone paved, 2782. 

surface of, 2782. 



Roods, rolling, 2785. 
— — temporary, 2770. 

hill, 2771. 

pUnk, 2770. 

RoastK>vens or furnaces, 1697 
Roasting, principles of, 1698. 

silver ores, 2649. ^ 

Rock-boring machinery, 615, 12M. 

Rock-shaft, 2786. 

Rod>ling's system, arches^ 716. 

cablei, 713. 

— — chords, 716. 

— > disgmials in ponds, 718. 

floor-beams, 717. 

—— genemi descrtotion, 703. 

method of ratting the superstroetan 

719. 
posts, 716. 

roller-plates, TIO. 

saddles, 712. 

statical condittoo of the fltniGtnre nil 
variable loads, 709. 

stays, 713. 

storm-csbles^ tl8. 

strsins in ardbes snd cables, 707. 

supporting power of stays, 706. 

suspenders. 716. 

parabolic truss, 702. 

— towen^ 711. 

Rolled iron beams, strength of; 2406. 
Roller, Avellng and Oo.'s steam road, 1434. 
Rolling mills, 2108, 2786. 
Rolls, goldsmiths' and dentisU*, 1810. 
Rcnnan cement, 933. 

concrete, 2285. 

Roofing, bay of, 292. 
Roofb, 1025, 2364, 2786. 

arched. 1027. 

— iron, 2800. 

classification of, 37 86. 

compound, 2798. 

coverings, 103X 

' for timber, 2798. 

designing, 2786. . 

domes or cupolas, 2792. 

——' double trussed iron, 2816. 

examples of; 2789, 2790, 2791, 2794, 279S 

2799, 2804, 2809, 2819. 

flat, 1027. 

general prindples of wooden, 1035. 

Gothic, 1027, 2790. 

iron. 1036, 280a 

domes, 2796. 

loads on. 2787. 

metal coverings, copper. 1036. 

coverlnft iron, 1036. 

coverings, lead. 1036. 

coverings, sine, 1036. 

pitch of, 2787. 

scantlings for, 2791. 

timber, 2788. 

trussed, 2789. 

iron, 2810. 

wind pressure on, 2821. 

Root-cutters, 229. 
Rope-making machine, 2821. 

hemp rope 2821. 

Huddart^s. 2827. 

Smith's wire, 2834. 

— — wire ropes, 2831. 

porter, 11, 21. 

Ropes, hemp, 2821. 

wire, 283L 

Rotary engine, 2446. 2837. 

pumps. 1947. 

RoQRh-cast, 1050. 

Rubble msoonry, backing. 2377. 

— ^-~ coursed, 2376. 
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AFEl'Y-CAGE. 897. 
Safety, fractions of, 2406. 

lamp, 2207. 

valves, 1186, 2837. 

Sally-port. furtificaUon. 1634. 
Salts of nickel, characteristica of, 2616. 
Sandberg's rails, 2596. 
Saw, bow, 684. 

tiand, 1796. 

mills, 3087, 3089. 

Sawing machinery, 3097. 

Saws, 584. 1796, 1813. 2837. 

Scaffolding. 2837. 

Scafiblds, staging, and gantries. 2837. 

Scantlings for timber ruofis, 2791. 

Scarp, fortification, 1634. 
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Schlelo'8 antl-frlction carve, 16R6. 
Schools, ventilation and wamiing of, 3029. 
Schwartz's blasting gunpowder, 682. 
Scoops, 1834. 

Scott's naval gon-carriago. 1718. 
Screw and driver, improved, 1804. 
Screw engines, 2841. 

— — double-trunk, 2842. 

— — return-acting trunk, 2843. 

-— — — return oonnecting-rod, 2846. 

sbigle piston-rod. 2845. 

— — — — steam-launch, 2855. 

Jack. 1835,2859. 

making niachine, 2856. 

piles. 2262, 2641. 

propellers, 2450. 

Screwing machine 2338, 2859. 

Scroll sawing ma^ne, 3094. 

Sea wall, 2743. 2869. 

Section, chief vertical longitudinal, 384. 

midship, 381. 

Segmental arches, 688. 
Semicircular arches, 684. 
Semolina mill. 2495. 
Separator, bnui, 629. 

silver ores, 2547. 

tin ores, 2530. 

Sewing machine, boot, 496. 
Sextant, 2974. 

Slumd and Manon's fire-engine, 1431. 
Shaping machinery, wood, 3107. 

machines, 2333, 2860. 

wood, 3109. 

Shearing machine, hydraulic, 2352. 

strain, 2399. 

Shears, 1800. 

guillotine, 1810. 

sheep, 15, 1H33. 

Sheer-plan, 380, 382. 

Sheet and bearing piles, 2617. 

— — glass, manufacture of, 1672. 

piles, Towle's apparatus for driving. 2622. 

Shingles. 1U35. 

Shipbuilding, iron, 2123. 

Ships' pumps, 1940, 2690. 

Sboveld, 1834. 

Shutter, boxing of a, 584. 

Sickles, 1832. 

Side widths, setting out, luilway engineering, 

2710. 
Siemens' furnaces for steel, 2937. 

puddling ftimaoeb 2087. 

SignaU, 2860. 

locking, 2866. 

Silbcrmann's heliostat, 1879. 
Silicate of soda, 1054. 
SUver, 2871. 

assay of, 2895. 

German. 1668. 

Silver-ore dressing, 2875. 

in Colorado, 2546. 

Pattinson's process, 2894. 

Kittlnger's percussion table, 2550. 

roasting, 2549, 2884. 

— separator, 2547. 

smelting, 2888. 

Von Patera's process, 2887. 

— » washing machine, 2546. 

— — — — Ziervogel's process, 2886. 

ores of, 2874. 

salts of, 2874. 

Silver's machine for boring wheel-hubs, 1806. 
Single piston-rod screw engines, 2845. 
Siphon. 1981. 

water-wheels, 1918. 

Sitison and White's pile-driver, 2629. 
Skew bridges, 700, 790, 2517. 
SkyUghts, 1046. 
Slates, 1032. 
Sleepen, 2585. 

bearing surface of, 2687. 

cast-iron, 2587, 2588. 

wrought-iron, 2589. 

Sleeve, 2898. 
SUp ot^belts, 299. 
Slotting DMchine, 2898. 

curvilinear, 2335. 

— ~- locomotive frame, 2341. 

Smee's battery, 539. 

Smelting furnace, Thomas', 1602. 

Smith and Locke's procoss, casting metola, 

1542. 
Smiths' tongs, 1529. 
Snifiing valve, 36. 
Solders, 49. 
Soic-platC, 294. 



Soluble gUat, 1677. 
Sources of heat, 399. 
Spades, 1834. 
Spelling tin ores, 2627. 
Specific beat, 392. 

gravity of alloys, 47. 

heat, coefficients ot 393, 394. 

-^— of various substances, 49. 

Spelter, 3116. 

Spiral wheel, 2898. 

SJMntaneous rotation, centre ot 1796. 

Springs, 3067. 

water supply, 3067. 

Spur-wheel, 2898. 

Squares and bevels, 1616. 

Squeezer, 2898. 

Staging, scaffolds, end gantries, 2837. 

Stairs, 1047. 

stone, 1047. 

— wooden, 1048. 
Stamping tin ores, 2527. 
Stand-pipe, substitute for, 1979. 
Stationary boilers, 466. 

— — engine, 2898. 

Cornish, 2913. 

beam, 2910. 

horixontal. 2912, 2916. 

vertical. 2913. 

Stave-making and cask machinery. 939, 2917. 
Steam, calorific action in formation ot, 422. 

condensation of, 421. 

corn-mill, floating; 2499. 

definition of, 410. 

— i^ density of, 417. 

clastic force of; 412, 415. 

engine, 11, 441, 1181, 1429, 1966, 2308, 2841, 

2898, 2921. 

connecting rod, 1194. 

CFsnk-shsft bracket, 1196. 

——^ (^linder with steam-Jacket* 1195. 

— . eccentric 1196. 

marine, governor, 1186. 

packing for pistons, 118L 

parallel moti<»Q, 1197. 

— portable, 11. 

— — safety-valve, 1183. 

straight-link valve-motion, 1199. 

the Rocket, 441. 

— expansion of; calculation of total work by, 

425, 2904. 

— work developed by, 424. 

fire-engine, Lee and Oo.'s, 1964. 

Maaeline's, 1955. 

Menyweather's, 1429, 1956. 

Shand, Mason, and Co.'s, 1431. 

flow of, 402. 

flow of, throurii pipes, 408. 

— — formation of; in vacuum, 411. 

gauge, 1621. 

influenoo of temperatnre on formation, 

411. 

Jacket, 1196, 2160. 

jet, 441. 

— latent heat of, 398. 

•— laundi, screw engines, 2866. 
— i lubrication of, 1200. 

mechanical power of, 423. 

properties of, 402. 

physical propertiei of, 410. 

pile-driver, Masmyth's. 2631. 

Sisson sod White's, 2629. 

— — endless chain, 2636. 

the telescopic, 2639. 

'—' power, cultivation by, 20. 

pressure gauge, 1199. 

principles of the formation of, 411. 

pump, Burgh's, 1425. 

relation between elastic force and tempera- 
ture, 413. 

road-roller, Aveling and Co.'s, 1434. 

ships, consumption of coal in, 2852. 

superheating of; 449. 

temperature of, 416. 

traps, 2449. 

velocity of, 402. 

— — voltmie of, 417. 

whUtle, 1194. 

Steel, 2921. 

Bessemer process, 2923. 

cast, 2934. 

cementati<ni, 2921. 

rails, 2597. 

— Siemens' fturnacei^ 2937. 

— — Whitworth's process for casting under pres- 
sure, 1562. 
Steele's imi^oved Burr truss, 674. 



Steering apparatos, 2460^ 

Stench traps, 1284. 

Step, 2938. 

Sterne's bufllng spparstua, 882. 

Sterro-metal for lining gon^ 177. 

Stetefeldt ftamaoe, 1604. 

StUmanf s brake, 588. 

Stirrup, 2938. 

Stocks and dies, 1832. 

Stone, 2838. 

breaking machine, BlakeTs, 2644. 

bridges, 683, 699, 739. 

fbnnulie for dimensions of, 683. 

skew, 700, 727, 2517. 

conduits, 3063. 

dams, 1139. 

pitching, 2377, 2783. 

Storage reservoirs, 3068. 
Stove, 2938. 
Stoves, 3047. 

Dr. Amotfs, 304T, 

Gumey's, 3048. 

hot-air, 3048. 

Sylvester's, 3047. 

Strains, daaslflcatlon of; 3383. 

— in trussed girder bridge 300 tL span, 73 
of torsion, 2400. 

shearing, 2399. 

transverse, 3388. 

Straps, 3988. 

Straw-chopperSk 339. 

Strength and weight of buckled plates, 3410. 

coefficients of crushing, 3383. 

of tearing; 3387. 

compressive, of materisls, 3383. 

of materials, 3377. 

of rpUed iron beam% 3406. 

Stretcher. 479. 

Stroke, 2938. 

Strut. 667. 

Struts and ties, dlstlncticn between, 3818. 

Stmv6's ventilator. 1448. 

Stucco, bastard, 266. 

Submarine cables, 3997. 

Atlantic telegraph, 8003. 

— — — — machinery for laybig, 3003. 

machinery for picking up, 3007. 

Sucktag venUlators; 1461. 

Sues Canal, 917. 

Sugar, clarification, 3943. 

concentration of csne-Jnioe; 2946. 

— curing; 3949. 

— — evaporating appaxatoi^ 1446. 
——evaporation, 3946. 

fUtcatlon, 3946. 

—— machinery, 39S8. 

'— '— centriftigal machine, 3960. 

Fryer's concretor, 3949. 

-^ vacuum pan, 3947. 

mill, 3938. 

— — combined osne^ 3940. 
Sun burner, voitilation by, 3044. 

wheel, 3963. 

SmiMe-drainage pnmps^ 3689. 
Surveyins, 2963. 

and lerelllng, 2968. 

— — boning, 297L 

—— chaining base lines, 3964. 

— contours and hill shadtaic 3971. 

^— — — correction Ibr cnrvatoxe; 3969. 

correction tot refhuetlon, 3970. 

——> enlarging and redudng plans, 3966 

field-book, 3960. 

laying off perpeodiculaii, 3964. 

levelmig, 3966. 

— — measorement of hiUs, 3969. 

obstructions hi bsse linesi 38S6. 

plan drawing, 3964. 

planning u survey, 3953. 

—^ plotting, 3964. 

plotting sectton, 3973. 

zaUwaj, 3711. 

— —• reduction of levels, 3968. 

— ^ surveying chains, 2964. 

traverse sorveying, 3963. 

instrmnenta, 3974. 

— — box sextant. 3974. 

for measuring angles hj reflect 

3974. 

—— prtanallc oompsaab 3976. 

tapes; 3974. 

, _. the chain, 2974. 

theodoUte^ 2977. 

Suspension bridges, 741, 760. 

Swage-blocks, 1808. 

Swinis-brtdge; hydnolic, over tbs rlTcr Ouse, ' 
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Switch, 3983. 

box, Deas and Rapier's, 2603. 

Fanons and Baylies', 2601. 

'—~ Ransomea and Rapier's, 2602. 
Switches, points, and croasings, 2600. 
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ABLE, Rittinger's percoasion. 2550. 
Tangye's hvdraalic lifting^Jack, 2159. 

special mining pomp, 26H3. 

Tank locomotlTe for sharp corves, 1421. 

Tanners' and carriers' hand- tools, 1826. 

Tap, 2983. 

Tappet, 2983. 

Tearing strength of nuterials, coeflBdents of, 

2387. 
Telegraphy. 2983. 
batteriea, 266, 539, 2983. 

— earth-wires and plates, 2993. 
insulators, 2990. 

poles, 2989. 

testing joints and distance of foult, 2994. 

testing of Joints, insulated wire, 2997. 

-^ submarine cables, 2997. 

— undergroand wires, 2993. 

wire, 2985. 

Telemeters, 1772. 

Telescopic steam pUe-dilTer, 2639. 
Temperatnre at boiUng-point, fbdty of, 419. 
increaae of, caused by expenditure of fuel, 

401. 

of bodies, relation of, to heat, 394. 

of boiling-point, influence of substances in 

dissolution upon. 421. 
Tenaille, fortification, 1534. 
Tenailloo, fortiflcation, 1634. 
TeiKmlng maditnery, 3103. 
TenaUe strength, experiments, 333. 
Tension-rollars, 314. 

TensionB, graphical determination of, 669. 
Ttosttng machine, 3009. 
Thatching, 1033. . 
Theodolite, 2977. 

ETerest'a. 2979. 

Thermo-electridty, 270. 
Thirion's pump, 1944. 
ThtmiaoD and Oo.'s calender, 899. 
Thomscm's boiler, 389. 

— water-wlieel, 1933. 
Threehhig machine, 14, 223. 
Tie, 667. 

Ties and struts, distinction between. 2818. 

Tiles, 1033. 

Timber bridge construction, 735. 

oblique bridges, 734. 

preserratioa of, 2205. 

roofi, 2788. 

rule for calculating heartwood hi, 2586. 

Tin, 3012. 

and coppersmiths' tools, 1809. 

— — dressing, 2527. 

buddllng. 2528. 

— — circular Duddles, 2529. 

dlllulng, 2534. 

— - packing, 2529. 

— roasting, 2633. 

... spalling, 2527. 

— — — -— stamping, 2527. 

.— the hand-fivme, 2532. 

— — the separator. 2530. 

_ tossing, 2528. 

ores of, 3012. 

salts of; 3013. 

Tfaming of brass and copper, 1558. 
Tongs, smiths', 1529. 
Tools, coopers', 1814. 
■— ^ engravers , 1816. 

hand, 1796. 

— — metal-tuminfl^ 1817. 

^~- prlnt-cutters^uid carvers', 1825. 

— — tanners' and curriers', 1826. 

— — tin and coppersmiths', 1809. 

Toothed wheel^ apparatus for moulding, 1558. 

Torsion, strain of, 2400. 

Tossing tin ores, 2528. 

Toulouse water-works, Altering galleries, 3075. 

Towle's apparatus for driving sheet piles, 2622. 

Tracing, graphic, 406, 416. 

Tractive force. 9. 

TnO^ctory aud velocity of pn^JectUes, 1722. 

Transport, cost of railway, 2705. 

Transverse strain, 2388. 

Traverse, fortiQcatlon. 1534. 

Trigonometrical lines, relations of, 688. 

Trimmer, brick, 666. 

Trowels, 1832. 



Truss, improved Howe, 676. 

ling's. 672. 

McCallum's Inflexible arched, 677. 

Roebllng's parabolic, 702. 

Steele's improved Burr, 674. 

the Burr. 672. 

the Howe, 673. 

Tube^xpander, hydraulic, 2362. 

well, 159. 

TublQg for borings, 513. 

India-rubber, 2010. 

Tunnelling, 2720, 3014. 

Tunnels, 2710. 

Turbine, Lefiel's double, 3020. 

the screw-wheel. 1932. 

Turbines, 1922, 3014. 

Kuler's. 1924. 

Foumeyron's system, 1922. 

Qirard's, 1925. 

lifting. 1952. 

Jonval'a, 1929. 

Thomson's, 1923. 1936. 

with horizontal axis, 1930. 

Turn-table, 3022. 

Turning machines, wood, 3115. 

Tumlp-cntters, 229. 

Tuyere. 3022. 

Twisting rules, oblique arch,'2523 

Tyerman's hoop-iron bond, 482. 

I^me Docks, South Shields, 1254. 

Type-founding machine, Caslon and Fagg's, 1565. 
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NDERSHOT wattf-whed, 1511, 1917. 3022. 
Unity of heat. 392. 
Universal Joint, 3022. 
Unlimited pumps, 1945. 



ALVE, escape, 1445. 

safety, 1183, 2837. 

Valves of pumps, 2672. 

Van Patera's process, silver ores, 2887. 

Velocity, 3023. 

and trajectory of projectiles, 1722. 

angulu-, 95. 

virtual. 3062. 

Ventilating fkn. Guibal's. 1447. 1449. 

Nasmyth's, 1449. 

Ventilation and warming, 3023. 

Drysdale and Hayward's system. 3039. 

barracks, 3044. 

causes of vitiation in atmosphere, 3023. 

composition of atmospheric air, 3023. 

Orisoom's method, 3041. 

Joly's method, 3042. 

means of renewing atmosphere, 3024. 

of ball-rooms, 3042. 

barracks, 3i)44. 

b'>d-rooms, 3043. 

clab-houses. 3038. 

dweliing-houBes. 3039. 

hospitals, 3026. 

kitchens, 3043. 

mines, 1447. 

prisons. 3044, 3046. 

schools, 3029. 

theatres and public ropms, 3032. 

quantity of air required for, 3024. 

— — Vienna prize plan, 3031. 

warming of ventllative current, 3025. 

Ventilator, 1460. 

Lemielle's, 1U9. 

Struv6's, 1448. 

Ventilators, blowing, 1463. 

sucking, 1461. 

Vertical engine, 2913. 

Viaduct, 31)60. 

Vicar's bread and biscuit making machinery, 

637. 
Vice, 3052. 
Victoria Docks, 1234. 
Virtual velocity, 3052. 
Vis inertia, 3052. 
viva, 3062. 

Wagon, ballast, 218. 

boiler, 390. 

farm or contractors', 15. 

WaUa, 1021. 

— — boulder, 5H4. 

breas^t. 640. 

of framed work, 1028. 

Walter printing press, 26G9. 
Warming, 3045, 3052. 



Warmhig by gas. 3060. 
— — hot water. 3048. 
^— steam. 3049. 

grates. 3046. 

— — stoves. 3047. 

Wasbhig machine for dressing 9S\ynt ores, 2546. 

Water, analysis of, 3052. 

boring for, 125, 

— — density of. 1886. 

ebullition of. 419. 

effects of oontraction of orifices m fiowoC 

1889. 

flow of; througjh conical converging tubes, 

1901. 

flow of; through conical diverging tubes, 

1904. 

flow through cylindrical ijutagea, 1899. 

flow of, throng orifices. 1887. 

fiow o^ through orifices in thin partlUoiu. 

1892. 

flow of, under very anudl heads. 1906. 

hardness of. 3054. 

lines, chief, ship-building, 38X 

ship-buildlug. 387. 

mangle, More's, 902. 

—" meter, 2467. 

motion and velodty of, upon wheels, 2559. 

— — motion of, in canals, 907. 
Water-pressure engine, Pfetah's horivntal 
double-action. 1978. 

engine, Relchenbadi'«, 1976. 

engines, 1973. 

pressure of. 1119. 

purification ot 3071. 

distillation, 3071. 

filter beds, 3071. 

filtration, 3071. 

regulator. 3077. 

specific weiffbt of; 1886. 

supply and drainage areas. 3061. 

pumps for. 2689. 

the fluid vein, 1889. 

whed, overshot, 2557. 

Poncelet's, 2660. 

wheels, 1912. 2446. 2557. 2660. 

— — > breast, 1915. 

float, 1511, 1917. 

hcUcoldal float, 1917. 

siphon, 1918. 

the vortex, 1933. 

the Wasaerihig, 1914. 

Thomson's, 1932. 

turbines, 1922. 3014. 

— ^ undershot, 1920, 3022. 

works, 3062. 

— ^ analysis of water, 3052. 

artificial water-channels, vfthout m*> 

sonry. 3062. 
— — choice between pipes and coodaits. 

3066. 

constructiun of, at pAl4ey, 3<D7*. 

— — culverts, critical examination of, 3065. 

culverts, different kinds of, 3061. 

culverts to contain pipes, 3066. 

-^— distribution of pipes, 3067. 

..1^ general principles on the choice of 

conduits. 3067. 

— hardness of water. 3064. 

indlnatlon and section of feeders and 

conduits. 3062. 
limit of the aqueduct &t the hMtn- 

daries of the distribution. 307Ql 
necesdty and position of distributing 

reservoirs. 3070. 

purification of water. 3071. 

rainfall. 3055. 

rainfkll. tables of, 3056. 

— — springs, 3057. 

stone or brick conduits, 3062. 

store reservoirs, 305H. 

water supply and drainage areas. y*\- 

Watson's bread-making machinery. 630. 

Web. 3087. 

W^edge, 3087. 

Weighing macUne. 211. 215, 19S2. 3087. 

hydraulic, 1982. 

Weirs, 2743, 2760. 

and dams, retaining wall^ 2743. 

Wesserling water-wheel, 914. 
Wheat-hulling machine, 3493. 
Wheel-boring madilne, 2344. 

and axle, 3087. 

cutting machine, 233T. 

hubs. Sliver's machine for boring. 1M5. 

pren, hydrostatic. 2345. 

quartering machtaie, 2343. 
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WbeelM, apparatus for moulding toothed, IMS. 

ciirvoH for teeth of, 1621. 

dimensions and forms of teeth, I62d. 

Whitewash. 1U54. 

Wliittlc boiler, 3V0. 

Wliitwortli'H apparatus for casting steel nodcr 

pressure, 1562. 
Wind presKUm on roofe, 28214 

velocity of, 89. 

Winding eugino, Fletcher and Co.'s, 1424. 

WindmilLis 246U, 24Y6. 

Windowfi, lots. 

Wire gnugv, Hirmingham, 1620. 

ropov, 2831. 

Hut, 2832. 



Wire ropes, formed, 2832. 

laid, 2833. 

BolTagee, 2831. 

Wolf lighthooflc, 2265. 

Wollaston battery, 268, 639. 

Wood>borlng machine, 3104. 

planing machine, 3095. 

shaping machine, 3107. 

j machinery, 3107. 

, turning machines, 3116. 

I Wooden bridges, 671, 735. 

Woodwork, painting, 1061. 
I Wood- working machinery, 3087. 
I Work developed by expansion of steam, 424. 
, — done with fall prasiire of steam, 423. 



Working load, 2405. 
I Worm, 3115. 

Wort-coolers and reflrlgerators, 1066. 
Wn-uch, 3116. 
Wrought iron, 2066. 



/JKRO. 1827. 3116. 

Ziervogel's process of treating silver oiti, 2886. 

Zigsog. 3116. 

fortification, 1631. 

Zinc, 3110. 

ores t*f, 3116. 

salU of. 3117. 



THE END. 
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